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As this form of profile, therefore, has 
been illustrated, and its economy, dura- 
bility and strength fully tested in the 
case of the dam at Furens, and in 
that over the Ban, we shall now under- 
take its investigation, and determine 
a series of formule for the calculation 
of the logarithmic curves forming the 
inner and outer face of the dam, and, 
finally, the establishment of a profile 
ype suitable for dams of various heights. 

ur investigation, moreover, is to be 
based on the practical experience of 
MM. Graeff and Mongolfier, in the con- 
struction of the dams of Furens and 
over the Ban, and the brief but thorough 
report of Professor Rankine on this form 
of profile, to many parts of which we 
are greatly indebted. 

In the first place, as to the limit of 
pressure, two questions eprom A present 
themselves: first, what shall be the great- 
est limit of pressure we may with safety 
assume ? and secondly, is the same limit 
to be adopted for the inner as for the 
outer face of the structure? As regards 
the first question, it becomes evident at 
a glance that the limit R’, to which any 
point in the dam may be subjected with- 
out thereby endangering stability, will de- 
pend, to no small extent, on the nature 
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of the stone, cement, or mortar used. 
Yet here, as in other cases where mason- 
ry is used, itis possible to assign a gen- 
eral limit, based upon practical experi- 
ence, which should not in any case be 
overstepped, and if possible rarely equal- 
ed. In the two dams to which we have 
above alluded, the limit of the pressure 
was taken at 6 kilogrammes per square 
centimetre, or 60,000 kilogrammes to the 
square metre, or taking the kilogramme 
as equal to 2.20485 pounds, 132.291 lbs. - 
per square metre, which in turn is equal 
to 1.1954 square yards. In Spain, how- 
ever, and indeed, we believe in some in- 
stances in France, the limit of pressure 
has been taken so high as 14 kilogrammes 
per centimetre,and thedam found to stand 
well, but in the majority of cases at from 
6 k. to 8.50k., gay at 6k., per square 
centimetre. e may ——— this press- 
ure in another form much more familiar 
to English engineers, and take as the 
limit of pressure for each square foot or 
square yard, a column of masonry hay- 
ing that area for a base and a height of 
160 feet.. This is also based on experi- 
ence, as it is well known that good rubble 
masonry will, when laid in strong hy- 
draulic cement, bear with safety the 
pressure arising from the weight of a 
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column 160 feet in height. Taking, 
again, the density of masonry as double 
that of water, this pressure would be 

ualed by a water column 320 feet 
high, or a pressure per square foot of 
20,000 pounds. 

The next question as to whether the 
limit of pressure should be the same, 
both for the inner and outer face of the 
dam, seems to be viewed very differently 
by different engineers, and to admit in 
practice of a variety of solutions. In 
the dams constructed by M. Graeff and 
M. Mongolfier, and in the theoretical 
— offered by M. de Sazilly and M. 

elocre, the same limit of pressure was 
adopted for each face, and the discussion 
of the formule thus much simplified. 
Yet there seems to be much ground for 
departing from this observance and for 
adopting two limits, one for the outer 
and one for the inner face, provided that 
the dam has such a logarithmic curve of 
profile as that we are considering. It is 
evident that the vertical pressure along 
these two faces is, at different times, un- 
equal ; that when the water is of great 
depth behind the dam the outer face is 
more severely strained than the inner, 
and that when the water is very low, and 
the dam has little more than its own 
weight to resist, directly the opposite re- 
sult takes place and the severest strain 
is found along the innerface. It is like- 
wise evident that the pressure at any 
age along these faces must, in all cases, 

e of necessity in the direction of the 
tangent to the surface at that place. If 
the face is vertical, the quantity we de- 
rive by the usual equations is the true 
vertical pressure, or rather the entire 
pressure. But when the surface slopes 
off from the vertical, as it does in this 
case, the pressure is in the direction of 
the tangent, is inclined to the vertical, 
and the quantity which the formula gives 


- us is not the entire pressure, but only its 


vertical component. The whole or real 
pressure of course, exceeds this vertical 
component, by a ratio which grows 
page and greater as we pass down the 
ace of the dam to parts where the bat- 
ter, or slope of the face, departs more 
and more largely from the'vertical. But 
the outer face has a very much greater 


batter than the inner, and the water, be- 
ing high, is subjected to a much greater 
strain, so that, to equalize matters, and 





not allow the outer face, when the dam 
is full, to suffer a greater strain than 
the inner face when the dam is empty, it 
Becomes most expedient to take a lower 
limit for the vertical pressure at the out- 
er than we do for the intensity of the 
vertical pressure at the inner face. 

Adopting this view, it remains to fix 
these two limits of vertical pressure. On 
the inner face, it is clear, where the slope 
deviates so very little from the vertical 
that, for all intents and purposes, it may 
be safely neglected, we may take that we 
have Senay fixed upon, namely, the 
weight of a column of masonry 160 feet 
high. For the outer face, we may take 
a pressure whose vertical component is 
represented by the weight of a masonr 
column 120 feet high, a pressure whic 
has been deduced from the practical ex- 
amples of M. Graeff. 

he next matter to be taken into 

account: is that of tension, which must, 
so far as possible, be avoided in every 
portion of the dam. And this brings us 
to the consideration of the “lines of re- 
sistance,” of which in structures subject- 
ed to such varying pressure, there are of 
necessity two; one for the condition 
that the dam or reservoir is full of water, 
and one for the condition that itis empty. 
As in the case of earth retaining walls 
and buttresses, these are lines passing 
through the centre of gravity of each 
course of masonry, and may, when the 
faces of the dam are rectilinear, be found 
by any of the formule used for such 
purposes. They bear, therefore, intimate 
relations to the stability of the dam, the 
latter decreasing as they depart from the 
centre of thickness and near the faces. 
They also bear relation to the tension, 
and in order that the latter may not be- 
come appreciable in any part of the~ 
structure, they must not deviate at any 
point from the line passing through the 
centres of thickness, either outward 
when the dam is full, or inward when 
empty, by a distance greater than one- 
sixth of the thickness at that point. 

With these conditions in view, we now 
pass to the consideration of the profile. 


PROFILE TYPE FOR DAMS HAVING CURVES 
FOR BOUNDING FACES. 

Let Fig. 9 represent the profile of a 

dam bound by logarithmic curves, the 

various equations relative to which we 
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wish to find. Let the vertical line AS 
represent the asymptote of the curves, 
and taking C as the origin of co-ordinates 
represent by # all horizontal, and by y 
all vertical measurements, by 6 the 
breadth or thickness of the dam at ED, 
and by 3’ the breadth at any other place 
lower down. Also let s represent the 
sub-tangent common to the two curves, 
and represented in the figure by that 
= of the asymptote contained between 

and G. As to the lines of resistance 
let their deviation from the middle of the 
thickness when the dam isfull and empty 
be expressed by the letters r and r’ re- 
spectively, and by R and R’ denote the 
limits of pressure ; the first for the out- 
er, the second for the inner face. 

Now, adopting Professor Rankine’s 
method of procedure, it becomes evident 
that if the thickness across the top be 
expressed by 3, then the thickness at any 
other portion of the dam lower down, 
and at a distance y below the top, will 
be expressed by the equation 


. Pa y 
b'=b.e" see o CRE 


in which e is the modulus of the common 
system of logarithms, or 0.434294, To 
apply this equation therefore to practice, 
it is necessary to know the value of the 
sub-tangent, the thickness across the top 
and the vertical distances of different 
points on the face of the dam below the 
axis of X. These latter points are, of 
course, assumed at random, and have in 
the present case been taken five feet 
apart. As to the thickness at the top it 
has been taken at eighteen feet. In the 
dams already alluded to (those of MM. 
Sazilly and Mongolfier) with the height 
of 50 and 42 metres respectively, and a 
limit of pressure of 60,000 kilogrammes 
per square metre, the thickness across 
the top is, in the former, five, and in 
latter, five and seven-tenths metres, 
which, expressed in feet, gives for the one 
16.4 and for the other 18.6 feet. But in 
this instance we have slightly enlarged 
on the thicknesses used by those engi- 
neers, in order to produce a profile suit- 
ed for a dam required to resist not only 
the thrust of water, but also that of ice 





when carried down by spring freshets. 
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The determination of the sub-tangent s 
is not so obvious, but may be found by 
Y 
8 
mate value of #, which substituted in 
the formula (to be found below) of Prof. 
Rankine, gives a corrected value of *¥, 
and a sub-tangent equal to 80 feet. 

If, then, adopting this breadth of 18 
feet on top, we desire to find that at a 
point thirty feet below, we may write 
equation : 


b'=log. b+0.484204 x — 


giving to the exponent = of ¢ an approxi- 


39. 


= 1.255273 + 0.162858=26.19 feet; 


which is to be measured off in such wise 
that thirteen-fourteenths of it shall lie 
on the down stream or outer side of the 
asymptote, and the remaining one-four- 
teenth on the up stream or. inner side. 
Taking other values for y and proceed- 
ing in precisely the same way, we thus 
obtain any desired namber of points 
through which must pass the logarithmic 
curves that form the faces of the dam. 
This done and the curve drawn, the next 
step is to determine the lines of resist- 
ance when the dam is full and when it is 
empty. To begin with the latter case, 
the dam being empty, the deviation of 
the line of resistance from the middle of 
the thickness will evidently be inward 
or towards the up stream side of the 
dam. This deviation we have expressed 
by the letter r’, and if we wish to find 
its value for a horizontal section of the 
dam taken 50 feet below the top, we pro- 
ceed as follows. Let z denote the dis- 
tance Ag or the deviation of the centre 
line of the thickness outward from the 
axis AS, and by 2’ the deviation of the 
same line from the same axis at the top 
of the dam. Referring to Fig. 9, the 
distance we wish to find is that denoted 
by the letters mh, which is evidently 
equal to gh—gk, divided by 2, or 
‘ fat? 
2 . . 
Because the dam having only its own 
weight to carry, the line of resistance 
must cut the line gAin a point vertically 
below the centre of gravity of that part 
of the structure above gh. 
The thickness of the dam where y is 
fifty feet is found from equation 39 to 


40. 





be 33.63 feet; the centre of thickness 
16.81, and the value of z or. the devia- 
tion of this centre from the axis AS is 
14,41 feet. That of 2’ or the deviation 
at the summit of the dam is 7.72 feet, 
from which it follows that (eq. 40) r= 
3.35 feet. It is in this way that the 
values of r’, given below in Table A, 
have been calculated. 

It is next necessary to determine an 
equation from which to find the values 
of r, or the amount by which the line of 
resistance deviates outward from the 
centre of thickness when the dam is full. 
It is evident this deviation will depend 
upon three things, the moment of the 
horizontal thrust of the water, above the 
section at which we wish to find r, the 
weight of the dam above this same sec- 
tion, and the amount by which the line 
of resistance is moved inward when the 
dam has only its own weight to carry, so 
that if we divide the moment of the 
thrust by the weight, and subtract the 
quantity r’, we shall at once have the 
value of r. The thrust of the water 
above any horizontal section of the dam 
is, as we have already seen by equation 


2 
2, 2 X 62.5 Ibs., and the moment is, 


3 
y x62.5x2—% 62.5 Ibs., or, 
what is the same thing, if we express by 


therefore, 


w the ratio in which the masonry is 
heavier than the water, and take, as is 
usual, this ratio as 2, we shall have for 
the moment (expressed by m) of the 
horizontal thrust of the water, 


41. 


The weight of any lineal unit of the 
dam above the section may be found 
most simply by the calculus. Thus giv- 
ing to y and 6 the same signification as 
before, and taking the weight of a cubic 
unit of masonry as the unit of weight, 
the weight of each unit of length of the 
wall above the section is expressed by 


w= /"0' dy Sey 
o 


Integrating this between the limits y 


42. 


and 0, and remembering that b'=be% 


we have: . 
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= y To y_ 
Web (c¥—1)=5 (0.40) 
= s (b’—d) ; 
For 7, therefore, we have : 


43, 


m 
r+r'=— 


- W 


ee) wt 
12 

s (b’— 3) 

a AUT 
128(6'—b) 2 ° 


This equation gives for the value of r 
at the distance fifty feet below the top, 
the quantity 5.18 feet, which, as it falls 
below one-sixth of the thickness at this 
point, we are justified in considering the 
deviation as not too great to be perfect- 
ly consistent with stability. 

But, to make assurance doubly sure, 
we may apply a final test as to stability, 
by calculating the amount of vertical 
pressure at various points along both the 
inner and outer faces, and comparing 
the results with the limit of pressure, 
which, it will be remembered, has been 
fixed for the inner face at weight of a 
column of masonry 160 feet in height, 
and for the outer face at that of a col- 
umn 120feet high. This matter we have 
already considered at length, and have 
deduced two equations, 13 and 14, which 
as they are perfectly suited to the present 
case, we shall not delay to deduce others, 
but alter them to suit the notation of Fig. 
9. Thus altered they are, calling p and 
p’ the pressures at the outer and inner 
face respectively, and P and P’ the lim- 
it at these same faces— 


p=2 (2-5 Ww 


—7’= 


44, 


=or<P 


VIn 
and 


p=*Noor<p 


While for p’ we have two others preeise- 
ly similar, with the exception that P in 
equation 45 is changed to P’. It may, 
perhaps, be well to again remark that 
the first orjsecond value of pin equation 
45 is to be used according as the value 
_ of uw is greater or less than one-third of 

the thickness, and that in all such pro- 
files as that of Fig. 9, the quantity w de- 
notes the distance from the outer face 





to the line of resistance when the dam 
supports a charge of water, and from the 
inner face to the line of resistance when 
the dam or reservoir is empty. To illus- 
trate by one example, let it be required 
to find the vertical pressure at the point 
C, on the outer face of the dam (Fig. 9), 
situated fifty feet below the top. By re- 
ferring to Table A, we see that 0’ is equal 
to 33.63 feet, that the outward deviation 
of the line of resistance is 4.98 feet, and 
that « must therefore be 11.83 feet. The 
quantity W=s (b’—3) is 1250.4. Since 


u is here greater than ry =11.21, we use 


the first of equation 45, and, making 
the substitution of values, we have: 


nid (2 _ 35.49), 1250.4 
a 33.637 33.63 


Thus showing that the pressure is but a 
little more than half the limiting press- 
ure. Precisely the same operation re- 
peated, with uw equal to 13.46 feet, will 
give the amount of vertical pressure at 
the inner face at a point fifty feet below 
the top, the dam supporting only its own 
weight. This pressure is thus found to 
be equal to a column of masonry 59.4 


= 70.555 


feet in height. 


The area of the entire profile or of 
any portion of it, included between two 
horizontal sections, may be found by tak- 
ing the difference between the thickness 
of the dam at these two sections, and 
nee ane Pra difference by the sub- 
tangent. or it is evident from the 
figure that, if b equals the thickness of 
a point y feet from the top, then this 
thickness multiplied by the differential 
of the height and integrated between 
the limits y and zero, is the area, and 


this expression 


Y of b’ dy when integrat- 
oO 


*| ed, remembering that 0’ is equal to bed 


Y_ 
8 
the expression for the area becomes 


sb, or replacing de é by 3’, 


gives sbe 
s(b’—d). In the notation we have used 
6 means the thickness of the dam across 
the top, but in calculating the area of 
any portion of the profile not bounded 
by the top thickness, the quantity 5 is to 
be understood to mean the smaller of 
the two thicknesses which bound the 
area. That is to say, if we wish to find 
the area of that portion of the profile 
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included between horizontal sections 
taken at thirty and eighty feet below 
the top, 5 represents the thickness at 
the former section, and we have 80 (48.93 
— 26.19) = 1819.2 square feet. Having 
the area, the solid contents and weight 
for any length of the dam are of course 
readily found. The areas for sixteen dif- 
ferent sections of the profile, each hav- 
ing the top of the dam for one side, have 
been calculated in this way, and will be 
found entered in the last column of 
Table A. The first column of this table 
gives the distances in feet of the sec- 
tions estimated from the top downwards, 
the second the thickness of the dam at 
these sections, the third the deviation of 
the line of resistance outward when the 
reservoir is full, the fourth the deviation 
inward when empty, and the last the 








areas. 

Taste A. 
Area 
r - sq. feet. 

0 18.00 0 0 5 

10 20.40 51 18 192.00 
20 23.10 1.09 .54 408 .00 
80 26.19 1.75 1.68 655.20 
40 29.68 2.52 3.18 934.40 
50 83.68 8.35 5.18 | 1254.40 
60 38.10 4.58 6.66 | 1608.00 
70 43.17 5.39 8.79 | 2013.60 
80 48.93 6.62 | 10.52 | 2474.40 
90 54.18 7.75 | 12.95 | 2894.40 
100 62.97 9.638 | 18.58 | 3597.60 
110 71.18 | 11.89 | 15.02 | 4254.40 
120 81.79 | 13.62 | 14.59 | 5108.20 
180 91.39 | 15.72 | 15.46 | 5871.20 
140 | 103.60 | 18.84 | 15.05 | 6848.80 
150 | 115.00 | 20.78 | 15.46 | 7440.06 
160 | 133.00 | 24.64 | 12.46 | 9200.00 

















It is perhaps unnecessary to call at- 
tention to the fact, that this form of 
profile has been calculated with a view 
to its “eee as a profile type for dams 
of any height, great or small, whose 
faces. are logarithmic curves. For a 
dam, then, of which the height is thirty 
feet, that portion of Fig 9, above the 
line marked 30, is the proper profile : 
for one eighty feet in height, that por- 
tion above the line marked 80, and so 
for each succeeding section. It presents 
again many strong points not found in 
dams of the usual rectilinear profile, 
which are especially deserving of con- 
sideration when damming a river or 

a 





valley of great breath and depth. Of 
these not the least is its economy of 
material, which, as we shall hereafter 
see, is very great as compared with that 
of stepped or sloping profiles ; while the 
curves of the two faces are so gradual 
that no great mechanical difficulty can 
arise in cutting the facings. Another 
matter, which, in the dams of Furens and 
the Ban was not taken into account, 
that of tension, has here been considered 
and the profile so determined that when 
the reservoir is full the tension on the 
outer face shall not at any point be 
greater than it is on the inner face when 


“h, 
e profile of the Furens dam is given 
in Fig. 10, and that constructed on the 


Fic. 10. 





40.04 
Ld yy Y; YW, 


Ban, a tributary of the Gier, in Fig. 11. 








Fig. 11. 


The former has a height of fifty metres 
with a breadth on top of 5.70 metres, 


























PROFILES OF HIGH MASONRY DAMS. 


295 





and a limit of pressure of six kilogrammes 
ret square centimetre. The latter has a 

eight of forty-two metres, a thickness 
on top of five metres, with the same 
limit of pressure as the Furens dam. By 
a comparison however, of the profile of 
the former with that part of the profile 
of the Furens which lies above the limit 
AB we see that the thickness has been 
very considerably reduced, while if we 
extend the profile to fifty metres and 
then compare it with the Furens, we 
find that the pressure nowhere exceeds 
8 kilogrammes to the square centimetre. 

To return now to the modifications of 
which this type of profile is susceptible. 


MODIFICATIONS OF THE LOGARITHMIC 
PROFILE. 

On a moments inspection of Fig. 8, it 
is readily seen that, as the inner curve 
does not anywhere depart very far from 
the asymptot AS, the first and simplest 


,/ ‘ 
= \ . 
SS ee \---- 


----+- 








S981 100 


modification of this curve is to replace it 
by aright line and thus make the inner 
face vertical from top to bottom. But 
the outer curve if treated in like manner, 
and replaced by a right line, would give 
us a form of profile which, though it 
possessed no more thickness at the bot- 
tom than was absolutely necessary to 
withstand the vertical pressure, would 
at every other point, possess a thickness 
greatly in excess of the requisite amount, 
and thus occasion a prodigious waste 
of masonry. We must therefore, break 
this continuous slope and substitute for 
one long line two or more shorter ones 
each of which makes a different angle 
with the vertical. Limiting our atten- 
tion for the present to the first case, and 
replacing the two logarithmic curves in 
Fig. 9 by lines,—the inner curve by one 
vertical, and the outer by two inclined— 
we have produced for us a profile of the 
form illustrated in Figs. 12 and 13. The 


























question that first presents itself in the 
discussion of such a profile, is evident] 

how far down the outer face the point é 
is to be taken. It comprises indeed, the 
entire discussion. Of course, it is a great 
advantage, so far as the saving of ma- 
terial is concerned, to throw this point 
as low as possible, but this is limited by 





the condition, so necessary to secure 
stability, that when the reservoir is full 
the vertical pressure at C shall not be 
greater than the limiting quantity R. 
Having determined the thickness across 
the top, which preserving our previous 
notation, we will call 5, the quantities to 
be determined are first, the vertical dis- 
eo 
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tance of the point C below the top, and | P 


second the thickness of the dam at this 
point, or what is perhaps more easil 

obtained the excess of the thickness at é 
over the thickness at the top, AB. The 
distance, AD (Fig. 12) we will call y ; 


18. : 





a ae a Bo ee ee 






59.38 
Fig. 13. 





the total thickness D C we will represent 
by 0’, and ee: the excess of thickness 

C by »v. W, denote the weight 
of the ABC D (Fi . 14), and by F, the 
horizontal thrust of the water above D. 
These two forces act through the centre 
of gravity O, the former vertically 
downward and represented in Fig. 14 by 


A 








the line OP; the latter horizontally 
and represented in direction and inten- 
sity by OF. These two produce a re- 
sultant which cuts the base at V, 
and this point may therefore be 
regarded as the point of applica- 
tion. From this relation, as we -have 


’ 1 
to be used according as u is > 3 or <3 


In these equations P = W, is, accord- 
ing to the notation of Fig. 14, expressed 
by (242+) 16, in which 6” is the 
density of the masonry ; /=b’=3+v and 
u=CV. But u=CV=KC—KV. Now 
KC may be found by the equation ex- 
pressing the relation that the moment of 
the weight of ABCD, with respect to 
C, is equal to the sum of the moments 
of the two parts ABVD and BVC 
into which the area of ABCD may be 
divided. The moment of the weight of 
ABCD, with respect to C, is evidently 


the weight (=) y o 
KC; thatof ABVDb 
and that of BV C by i . Hence, the 


relation when expressed, becomes : 


KO x {2 t*) y or= 0429) by6é 


= or<R’, and af =or<R’, which are 


multiplied by 
(64+2v)by0d" 














yv' oO’ . 
is 46. 
2 b é' 2 5’ 
Ko=— @+ % 7] + 
ante) 6 
)s 
— 36+6 bv+20 47. 
66+34 


To find KE, we have from the two 

similar triangles OK V and OPR the - 

proportion 

KV:K0O::PR:PO 

KV= KOxPR 
3P 


since PR is equal to the horizontal 
thrust, which, as we see in the early ivy 
6 


whence 


or 48. 


of our investigations, is equal to 5 3 
and since PO is equal to the vertical 
2d+4 x 
2 ) yo 
we have finally for the value of KV : 


49. 





pressure and this is equal to ( 


a ill KV= yA 





seen, result two equations 2 ( 2—=" 


V= s(e0+0) e ° ~ 8 (2d=0) 
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which latter equation is found by substi- 


tuting for > the letter 6. These values 


given in equations 49 and 47 when re-| = 


placed in the expression 
u=KC—KV 
_ yao tb but? oF y' 6 
BIve =~ b480 3 (2540) 
_ 2v (v+34)4+3 v°—O 9’ 
<i 64+3 Z 


With this value of « we return to equa- 
tions 24 and 25, and, substituting it, we 
obtain : 


6v°+184v0+9v'—3 Oy* 
24 2— 6b+3 } 


b+v 





50. 











2 b+ 





2 (Co*") ys 
and yr eS Lc a i Yall 
6443» 


These, when reduced and made equal 
to zero, give us two equations containing 
two unknown qualities : 


y—Av’—2bAv+Hy—AH=0. 51, 


vy—2Av’—tbvy+OAy—bbdAv 
+4By—30HA=0 .. 52, 


The first of which is to be used when 


v 
é’ 
x2 )> ee 
eA 











b 
u> 3 and the second when u < 4 Each 


of these equations express the relation 
that when the reservoir is full the verti- 
cal pressure at the point C (Fig. 14) 
shall be equal to the limit R. But we 
must also take into consideration the 
inner face, and find an equation express- 
ing the relation that the reservoir being 
empty, the pressure at D, shall not ex- 
ceed the limit R. In this case, the face 


| 





being vertical, the pressure of the water | 


6 B46 bv+3bv+3 v'—2 v'—6 bv+3B 
~~ 664+34v 


 ] 
pM PRO RSE re, ci oye gg 


3 (26+) 
With this value of «, we again return 
to equations 24 and 25, substitute in 
each, and reducing, have : 








54, 
oy—vA+3byv—2bAv+h y—AV=0 


55. 
v'y—vA+4 db yv—3 bAv+4B*y—3 BA=0 


By combining 51 and 54, or 52 and 55, 
we may readily obtain the value of y 
and v, which are the two quantities we 
wish to find. It is moreover to be re- 


‘marked that A in the above equations is 


found by dividing the limit of vertical 
pressure at © and D by the ratio in 
which the masonry is heavier than 
water. Thus in calculating the profile 
of Fig. 12, we have first reduced the 
limit of vertical pressure per unit of 
surface from pounds to kilogrammes, 
and taking the density of water, as given 
in the French tables, as 1000 _ kilo- 
grammes and the density of masonry as 
double that of water or 2000 kilo- 





ammes, we have A = = 
ee ot oe 2,000 2,000k 


orA = 30. We thus obtain for A, a 
very simple number, whereas had we re- 
tained the pressure as expressed in 
pounds, we would have had a much 
larger one to handle. In Fig. 13 how- 
ever, in order to produee‘a profile of 
what may be considered as a type of the 
greatest boldness consistent with safety, 
we have taken the limit of vertical 
pressure at 14 kilogrammes per square 
centimetre, which as we have already 
stated has been used in several instances 
in France and Spain. This increases the 
value of Ato 70. The thickness across 
the top isin each case the same as in 


that of the profile illustrated in Fig. 9 ;° 


namely, eighteen feet, but the height of 
that in Fig. 12 has been reduced to 


does not exist, and the force P, or the| ninety feet. The height AD of the 
weight of this portion of the dam, acts| upper part ABCD and the value of 
downwards through the centre of gravi-| corresponding to it have been found by 


R_ __60,000k: 





ty, and | combining equations 51 and 54. The 
u=DK=DC-—CK lower part, by the same equation, by 

: substituting for y the difference between 

ae pres 2v (v+3b) + 36 the height A D of the upper part and the 





6b' + 3v entire height of the dam. 
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The deviation of the line of resistance 
when the reservoir is full may also be 
found as follows. Let AB OD in Fig. 
15, represent either the upper or lower 

















art of the dam whose profile is given 
in Fig. 13, and let it be desired to find 
the amount of deviation at any section 
as EF. By O represent the centre of 
gravity of ABF oi then will O R repre- 
sent the resultant of the two forees act- 
ing on this portion of the dam, and the 
distance we wish to find will be ES. 
We will suppose also, in order to cover 
all cases that the water stands at X. 
Also let AB=b; AX=l. AE=y; 
ES=2a; EW =A; and the inclination 
of the sloping side BC, to the vertical 
be denoted by < ; by 6 the density of 
the masonry and by 6’ that of the water. 
Then by the similar triangles O P R and 
OW 8S, we have: 


WS _PR 
OW OP 


Now WS=ES—EW=2-—A and 
OW =TE=}34XE because the centre 
of pressure (T) of a rectangular plane 
surface sustaining the pressure of water, 
is at a point two-thirds the depth of its 
immersion. Hence TE = }$(y —?). PR 
or the horizontal thrust of the water 
on XE is, as we know, expressed by 
8" (y—)* 

2 


; and the pressure OP by 








(+5) 6 (2d+y tan. ©) ys 
tien 2 


56. 


. e—h_ go’ (y—D)? 
" "kQO—D)~by5 Qby+2y" tan. x) § 


Then replacing - by 6 





(y—?)* 2 
2by+y tan. x 7 30 
4y tan.*oc + dy tan.c + oy 
2dy+y* tan. 
which, added to equation 56, gives : 
58 +4y'tan.2c +dy*tan. c+ 
2by+y tan. c 


e—h= 57. 


But A= 





58. 
2 


J 





This value of x is, of course, to be 
measured off from the vertical side. 
When the water stands at-the top of the 
dam, the value of /, is zero, but when 
the reservoir is empty, then /, is equal to 
the entire height of the dam. The 
simplest way, however, to find the devia- 
tion, is by means of Equation 50, ob- 
serving that the value of u, when found 
is to be laid off from the outer or slop- 
ing face of the dam ; and corresponds to 
the distance F'S in Fig. 15. 





THE MARINE COMPASS—CONSIDERATIONS RELATIVE TO 
CERTAIN FUNDAMENTAL REQUIREMENTS OF IT, WITH 
SPECIAL REFERENCE TO THE CONSTRUCTION OF 
THE NAVY COMPASS. 

By Proressor B. F. GREENE, U.S. N., Superintendent of Compasses, Bureau of Navigation. 
Proceedings of United States Naval Institute. 


I. 


INTRODUCTORY OBSERVATIONS. _ 

It is sufficiently well known to the 
members of the Naval Institute that a 
change in the compass equipment of our 


\ 


ships of war has been gradually goin 
on for a number of years past, until 
there has come to be nearly a complete 
substitution of the liquid compass for 
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the air or dry compass previously in 
use. 

The first introduction into our service 
of this kind of compass was about eleven 
or twelve years ago, in the form of a 
liquid boat-compass, the original models 
of which were imported compasses of 
English make, with flat porcelain 
cards. 

The superiority of these instruments 
over the old and comparatively useless 
form of air boat-compass was soon evi- 
dent and generally acknowledged ; and 
yet, for various reasons (possibly from a 
little conservative prejudice), the new 
compass was only partially accepted, the 
outfit for boat equipment continuing for 
some time to consist partly of liquid and 
partly of air compasses. 

Meanwhile, Mr. E. 8S. Ritchie, of Bos- 
ton, who had long been distinguished 
for his intelligence and skill as a maker 
of the higher grades of philosophical 
instruments, finding it expedient, like 
many others at that time, to turn his at- 
tention to the fabrication of “war ma- 
terial” of some kind, solicited and ob- 
tained orders to make compasses for the 
Navy. It was thus that, while making 
some liquid boat-compasses after the 
English model, he was led to propose an 
important improvement, in the substitu- 
tion of a buoyant card, with a pivot- 
pressure entirely at control, instead of 
the heavy flat disk otherwise in use. 

This was the fruitful germ of Mr. 
Ritchie’s idea, which, from the time he 
first put it into a practical form, has 
been in course of continued development, 
until the compass of the past year, al- 
though preserving its original distinctive 
features, is immeasurably the superior of 
its early predecessor in all the details of 
its construction. 

Still, our naval authorities, while ad- 
mitting the improvement, were far from 
precipitate in, changing the compass 
equipment of our ships; and thus it 
happened that the new liquid compass 
was hardly brought into exclusive use, 
even for the steering-binnacle, until 
about five years ago, and for azimuth 
purposes only during the last two or 
three years. In reality, however, it is 
but few years since the first attempt was 
made to adapt the compass-card to 
azimuth observations by giving it a 
suitably-divided circle ; and it is only 








within the past year that I have been 
satisfied the true construction of the 
compass-card had been finally reached. 
It was thus by these cautious and ten- 
tative steps, and rather behind than in 
advance of established convictions, that 
the liquid compass came at length into 
general use in the Navy; and the time 
has arrived when we may, I think, with 
some propriety, put on record, in a pub- 
lic manner, some of the reasons which 
have appeared to justify a position in 
this regard so much at variance with the 
pai practice of all other countries. 


I propose, therefore, with your indul- 
gence on this ogcasion, to present a few 
considerations relative to the principles 
which, as I am led to believe, should 
control the construction of the marine 
compass ; and then, by way of applica- 
tion, to show wherein our practical con- 
clusions have been, or are likely to be, 
justified by the particular type of com- 
pass now recognized in our naval 
service. 

The subject is certainly not a hack- 

neyed one; for, notwithstanding the 
considerable antiquity of the marine 
compass, in the general form by which it 
has been known to the nations of West- 
ern civilization—with volumes of history, 
popular description, and panegyric—I 
am not aware that a single attempt has 
hitherto been made to give a rational 
|explanation of its magneto-mechanical 
action, or of the principles upon which 
its construction, as an instrument of 
observation, should depend. And yet 
the theory of this instrument rests upon 
a few simple considerations of certain 
established conclusions of science. The 
/neglect in this particular may, perhaps, 
afford a sufficient explanation of what 
appeared, in my first acquaintance with 
the marine compass, as one of the most 
remarkable facts in its history—that, as 
commonly seen in the hands of naviga- 
tors, it should be one of the rudest and 
most imperfect instruments for the accom- 
plishment of one of the most important 
purposes among the practical pursuits of 
life. 
There are three properties of the 
marine compass, so essential to its relia- 
ble action and convenient use that they 
may very properly be regarded as funda- 
‘mental desiderata. They are : 
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MAGNET-POWER, SENSIBILITY, STEADINESS. 


Let us consider, for a few moments, 
the precise significance of these terms in 
their present application ; the conditions 
that appear to be requisite for the most 
favorable realization of the properties 
which they represent ; and how nearly 
they are likely to be satisfied by the 
present Navy compass. 

I. MAGNET-POWER OF THE COMPASS. 

The more or less complex system 
called a compass-card, alike with the 
simple magnetic needle, when balanced 
for motion in a horizontal plane, has a 
tendency to return to its position of 
equilibrium, or rest; whenever deflected 
froni it, which may be called its moment 
of deflection. 

The moment of deflection is equal to 
the moment of motive force less the 
moment of resisting force. The moment 
of motive force is composed of three 
factors : of which one is the magnet- 
power (or, perhaps, in more precise 
phrase, the magnetic moment) of the 
card ; another is the directive force act- 
ing on the compass, meaning the whole 
exterior magnetic force acting in the 
horizontal plane of the card; and the 
third factor is the sine of the angle by 
which the zero-line of the card is deflect- 
ed from its position of rest. 

The moment of resistance is the mo- 
ment of all the resistances, of whatever 
kind, to the motion of the card. 

All these moments are referred to the 
point of the pivot as the centre of the 
compass and centre of moments.* 

In relation to the directive force, it will 
here be understood that this term refers 
to the whole external magnetic force 
actually effective upon the compass; this 
being known, in general, on shore, as the 
horizontal magnetic force of the earth, 
and on board ship as the resultant of the 





* If M represent the magnet-power of the 
card, H the directive force acting upon the 
card, and § the angle of deflection of the zero- 
line of the card, then the moment of motive 
force, or moment of rotation, tending to re- 
store the card to its position of rest, or stati- 
cal equilibrium, is expressed by the product 
of and H into the sine of the deflection 
from the direction of H;; or, 

Moment of motive force = M Hsin. § 
Putting, also, R for the moment of all the re- 
sistances, and the moment of deflection is equal 
to the difference of these two moments ; or, 


Moment of deflection= MH sin. 5—R 


| tion. 





horizontal magnetic forces of the earth 
and ship, for the particular heading of 
the ship, the particular place, and the 
particular time under consideration. 

And, similarly, in relation to the posi- 
tion of rest, it will alsd be understood 
that the zero-line of the card (supposed 
to coincide with the magnetic axis of the 
card), while at rest, is in the position of 
equilibrium in respect of all the forces, 
magnetic and otherwise, acting upon it ; 
this being known, in general, on shore, 
as the magnetic meridian or direction of 
the earth’s horizontal magnetic force, 
and on board ship as the deviated direc- 
tion of the compass, or resultant direc- 
tion of the directive force on board. 

The moment of motive force, the di- 
rective force remaining the same, varies, 
therefore, with the magnet-power of the 
card multiplied into the sine of deflec- 
It is greatest as the card is deflect- 
ed 90 degrees from its position of rest, 
when the moment of deflection is equal 
to product of the magnet-power by the 
directive force, less the moment of re- 
sistance; and it is /east as the card 
comes to rest, at or near its previous 
position, when the moment of deflection 
is equal to zero; the moment of the 
motive force being reduced to an equal- 
ity with the moment of resistance, 
whatever that may be. 

Accordingly, we have for the sine of 
the angle of set (or terminal angle of de- 
flection), or for the are of set, if the 
angle be not very large the moment of 
resistance divided by the product of the 
magnet-power and directive force.* 

In order, therefore, that the card may 
always return exactly, or very nearly, to 
its position of rest, whenever deflected 
from it, it is necessary either that the 
moment of resistance be extremely 
small in comparison with the product of 
the magnet-power by the directive force, 


* When the deflection § = 90°, we have the 
maximum— 
Moment of deflection = MH—R 
and when the card comes to fest, the mini- 
mum— . 
Moment of deflection=0=WH sin. ’—R 
and, accordingly, the sine of the angle of set, 





: 7 
sin. $= Wa 
or the arc of set, if small, 
R 


S=WH 
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or that this product be extremely large 
in comparison with the moment of re- 
sistance. 

Now, the directive force of the earth, 
in different places traversed by the navi- 
gator, varies from about one-half to about 
twice its mean value; while the directive 
force on board, especially of iron-built 
ships, may vary quite as much on differ- 
ent courses of the ship, even in the same 
an Consequently, if, from devel- 
oped defects of the compass, the moment 
of resistance be unavoidably large, or, 
on the other hand, if the directive force 
on board be much below its mean value, 
the angle of set, even with the magnet- 
power of the card unimpaired, will be- 
come so much the more appreciable. 

It is, therefore, quite essential to the 
reliable behavior of the compass, under 
the varying circumstances of a ship’s 
cruise in different parts of the world— 

First, that the magnet-power of the com- 
pass-card should be as great, in every case, 
as can be conferred upon it, compatibly 
with other necessary conditions; or, in 
other words, that our aim should be to 
procure not only enough magnet-power 
for ordinary or average circumstances, 
but a surplus or reserve for extraordi- 
nary occasions of special requirement. 

Secondly, that the magnet-power of 
the card should be as nearly permanent 
as can be realized through the formation 
of the card-magnets ; and, to this end, 
that the greatest care should be used 
during every stage of that process. 

Estimating the magnet-power of acom- 
pass-card.—These ~conditions will, per- 
haps, be more truly appreciated if we 
consider for a moment the means by 
which the magnet-power of a compass 
may be correctly estimated. Three dif- 
ferent methods may be employed, with 
greater or less convenience, for this pur- 
pose. 

First, the method of deflections.—By 
this (statical) method, the compass-card 
whose magnet-power is required is made 
to deflect a standard magnetic needle at 
a certain measured distance between 


their respective centres. 
power of the card is then equal to one- 
half the cube of the distance multiplied 
by the product of two factors, of which 
one is the tangent of the observed de- 
flection, and the other is the directive 
force ; it being understood that the card 


The magnet- 





is so presented toward the magnetic 
needle that its zero-line is in the mag- 
netic equatorial through the centre of 
needle. 

Secondly, the method of oscillations.— 
By this (dynamical) method, the compass- 
card is made to oscillate in its own plane, 
and the time of one oscillation noted. 
The magnet-power is then equal to three- 
tenths of the moment of inertia of the 
compass-card, divided by the product of 
two factors, of which one is the square 
of the oscillation-time and the other is 
the directive force ; it being understood 
that the units of distance and time are 
the foot and second. 

For the same card, the moment of in- 
ertia is constant, and the magnet-power 
is proportional inversely to the square of 
the oscillation-time multiplied by the 
directive force. 

For different cards, with the use of the 
same auxiliary weight, the moment of 
inertia of the card may be expressed in 
terms of the moment of inertia of the 
weight ; and the magnet-power is then 
proportional inversely to the difference 
in the squares of the oscillation times 
(with and without the weight) multiplied 
by the directive force. 

Thirdly, the method of torsions.—By 
this (also a statical) method, the com- 
pass-card is suspended in a torsion-bal- 
ance, and the moment of deflection at 
any angle balanced by the corresponding 
moment of torsion. In this case, the 
magnet-power of the card is equal to the 
moment of torsion divided by the pro- 
duct of two factors, of which one is the 
sine of the deflection and the other the 
directive force. 

For the same conditions of torsion, 
the moment of torsion varies directly as 
the angles of torsion ; and, accordingly, 
with the same angle of deflection, the 
magnet-power of any compass-card is 
proportional directly to the angle of 
torsion divided by the directive force. 

The directive force is thus seen to be 
an element in each of these methods, as, 
indeed, it must necessarily be th every 
estimate of the magnet-power of a com- 
pass-card, or of any simple magnetic 
needle. Still, so long as the required 
determinations are made at the same 
place on land, it will be sufficiently ex- 
act, within moderate periods, to regard 
the directive force as constant, in which 
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case the proportionality of the magnet- 
— is independent of the directive 
orce. 

But, as already mentioned, since this 
element, under the combined influence of 

eographical position and the ship’s 
a ¥ , may vary ina several-fold ratio, 
@ proportional change must result in the 
remaining elements of the determination, 

rovided the magnet-power of the card 
is unchanged. Hence, generally, in 
order to any reliable estimate of the 
magnet-power of a compass, under the 
varying circumstances of its use at sea, 
the directive force must always be known 
as a necessary preliminary. 

Now, there is no physical difficulty in 
obtaining absolute determinations of the 
directive force by well-known methods 
whenever required ; and with this ele- 
ment absolute determinations of the 
magnet-power of a compass-card could 
be had, if desired, by either of the fore- 
going methods. everthele&s, for all 


practical purposes connected with the 
use of the compass, it is always quite 
sufficient to obtain relative values of the 
magnet-power for the directive force 
taken as unity at some convenient initial 


oint. 

It would lead me too far from the im- 
mediate object of: this communication to 
enter more into details, of a purely de- 
terminative kind, in relation to the 
magnet-power of a compass. It may be 
sufficient to say, in passing, that the 
relative directive force, either on board 
-or on shore, may always be found by 
very simple means, and with sufficient 
precision for the purposein view. With 
respect to the several methods indicated, 
the second has certain advantages for 
use at sea: first, that no auxiliary in- 
strument is required; and, secondly, 
that the removal of the card from the 
-compass-bowl is unnecessary, which, in 
the case of the liquid compass, is attend- 
ed with some inconvenience. 

Developing the magnet-power of a 
compass-card.—Now, with respect to the 
two conditions of the magnet-power 
pay noted, it will be evident, 

rom the second of the preceding 
methods, that the question of gaining 
magnet-power in a compass-eard will de- 
pend on the possibility of producing a 
greater increase in the moment of iner- 
‘tia of the card than in the square of its 





oscillation-time. If, by introducing a 
different weight and distribution of steel, 
the moment of inertia is thereby in- 
creased m times, while the square of the 
time is only increased n times, n being 
less than m, there isa gain of magnet- 
power in the ratio of m to n. 

Practically, this question resolves itself 
into two parts: first, that of increasing 
the magnet-power in the formation of 
single magnets of given weights and di- 
mensions ; and, secondly, that of dis- 
tributing the magnets upon the compass- 
card in a manner to increase the magnet 
power of the card. 

First, the development of magnet-power 
in the formation of single magnets.—This 
question, which is essentially one of ex- 
perimental research, has been the subject 
of numerous special investigations ; but 
by far the most exhaustive inquiry which 
has ever been made, although open, per- 
haps, to criticism on certain unimportant 
points, was that of the late Rev. Dr. 
Scoresby,* from whose elaborate research 
the following conclusions may be sum- 
marized, as applicable to our present 
subject : : 

1. That the selection of steel for com- 
pass-magnets should be made from that 
known generally as the “very best,” in 
the form of thin plates. 

2. That the steel, after being cut into 
pieces of the requisite length and width, 
should be hardened uniformly through- 
out, and only annealed or tempered suf- 
ficiently to prevent too great brittleness. 

8. That the hardened lamine should 
be magnetized to their utmost capacity 
by the most powerful inductive action at 
command, and each lamina separately 
tested for magnet-power. 

4, That the magnetized lamin, after 
being laid together, in contact, with the 
like poles pointing in the same direction, 
should again be separately tested for 
magnet-power, and all rejected that show 
any sensible deterioration. 

5. That the proved laminz should fi- 
nally be built up in magnet-piles of two 
or more laminz in each ; it having been 
conclusively shown that a compound 
magnet, consisting of several proved 
magnetized laminz, takes on a higher 
development of magnet-power than a 





es M 
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etic Investigations.” By the Rev. 
oresby, D. London, 1843. 
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simple et, in one piece of the same 
weight and dimensions. 

It is not, however, to be understood 
that the gain in magnet-power from pil- 
ing is proportional to the number of 
lamine in the pile; on the contrary,with 
equal increments of steel, the correspond- 
ing increments of magnet-power are 
successively smaller, decreasing, approxi- 
mately at least, in a geometrical ratio 
with the number of laminz added to the 
pile ; so that the practical limit of avail- 
able gain in this manner is soon reached. 

The conclusions of Scoresby, establish- 
ed more than thirty years ago, with re- 
spect to the formation of compass-mag- 
nets, have been frequently confirmed, 
although little has been added thereto 
since that time. 

These several conclusions may, there- 
fore be adopted, until, at least, we are 
better informed, not only as the rules of 
procedure in obtaining compass-magnets 
of the highest intensity, but as also gen- 
erally favorable to securing them of the 
greatest permanency. 

At the present time, with the use of 
the comparatively unlimited resources of 
electro-magnetic induction, the means 


of magnetization are greatly in advance | 
Quite | 
recently a means of heating and temper- | 


of those employed by Scoresby. 


ing the laminz for compass-magnets has 
been used by Mr. E. 8. Ritchie, which 
ensures much greater uniformity, not 
only in the distribution of the degree of 
hardness sought, but also in the subse- 
quent magnetization. 

Secondly, the development of magnet- 
power in the distribution of magnets upon 
a compass-card.—lf a magnet of uniform 
section be placed across the centre of a 
card-circle, its length being equal to the 
diameter of that circle, its magnet-power 
and weight will be proportional to the 








diameter, and its moment of inertia to 
the cube of the diameter. If, now, we 
conceive this magnet to be moved in 
either direction outward, parallel to its 
first position, taking up positions and re- 
ductions of length according to the suc- 
cessive chords, its weight and magnet- 
power will progressively decrease in 
proportion to the cosine of the angular 
distance of the chord from the diameter, 
while its moment of inertia will progress- 
ively increase in proportion to a certain 
function of that angle, reaching it maxi- 
mum at an angle of 45°, after which it 
will diminish, till, at the angle of 90°, 
the chord and all that depend on it van- 
ish together. 

Thus, with a magnet at the angular 
distance of 45° from the centre, its weight 
and magnet-power are each decreased to 
0.7 and its moment of inertia increased 
to 1.4 of their values, in comparison with 
a magnet equal to the diameter of the 
centre; and if two such magnets be 
plaved upon two equal parallel chords at 
45°, each of these qualities will be 
doubled, or their weight and magnet- 

ower each be 1.4 and their moment of 
inertia 2.8. Hence, it may be concluded 
that, by placing magnets symmetrically 
on equal parallel chords, it is possible to - 
gain in magnet-power, though at the ex- 
pense of additional weight to be carried 
by the compass-card. 


It will be shown hereafter that there 
are certain considerations which establish 
a choice of these symmetric chords for 
magnet positions. There are two such 
arrangements which are substantially 
equivalent, namely, the single pair on 
chords at 30°, and the double pair on 
chords at 15° and 45° respectively. The 
following table illustrates these several 
relations at one view : 


Distribution of Magnets on a Card. 





One Magnet 
at 


Centre. 


M 


Designation. 
signatio: on 


One pair of 


at 30°. 


Two Pairs of Magnets. 





ets 


hords On Chords 


at 15°. 


On Chords 


at 45°. Sum. 





Magnet-Power. 
Moment of Inertia. 
Weight of Magnets 
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Thus it may be seen that, in assuming 
a certain practical limit to the increase 
of section by piling magnetic lamin in 
the formation of single magnets (which 
would be essentially the same for lengths 
varying between 1.0 and 0.5), and dis- 
tributing these magnets of equal section 
upon the parallel chords, according to 
either of the above-named systems, 
there will be a material gain in magnet- 
power, and a larger gain in the moment 
of inertia, in comparison with the single 
magnet at the centre. 


II,—SENSIBILITY OF THE COMPASS. 


If a compass-card on being deflected 
to any extent in either direction from its 
position of rest, and then left to itself, 
return precisely to that position, it may 
be said to possess perfect sensibility; but, 
on the contrary, if it fail to come pre- 
cisely to its previous position, the angle 
of set by which it deviates from that 

osition may be called its defect of sensi- 
lity. 

Now, if there were no resistances to 
the motion of a compass-card, and if it 
had any appreciable magnet-power, it 
would invariably returar to its previous 
position of equilibrium, whenever deflect- 
ed from it by virtue of the motive action 
of its deflectio, and, consequently, no 
defect of sensibility could arise. 

But, in point of fact, it is a physical 
impossibility that there should be no re- 
sistance to the motion of any body with- 
in our immediate cognizance ; and, con- 
sequently, we must expect, in accordance 
with our previous assumption, an angle 
of set, or defect of sensibility, whose 
value is represented by the moment of re- 
sistance divided by the product of the 
magnet-power of the card and the di- 
rective force acting upon it, 

There are, in reality, two different re- 
sistances to the motion of the card : one 
is the friction of the pivot ; the other is 
the resistance of the medium, air or 
liquid, in which the card moves within 
the compass-bowl. The former is a con- 
stant ; the latter is a variable, depending 
on the velocity of the card at any par- 
ticular instant of its motion. The mo- 
ment of resistance, already referred to, 
consists, therefore, of the moment of 
friction at the pivot and the moment of 
resistance in the medium, both moments 
being referred to the point of the pivot 








as the centre of moments. The moment 
of resistance opposes the motion alike 
during the increase and during the de- 
crease of the angle of deflection. 

The moment of friction consists of 
three factors : the pressure between the 
rubbing surfaces, the mean radius of the 
area in contact, and the coefficient of 
friction ; the latter depending on the 
physical qualities of the pivot and cap, 
such as hardness, smoothness, etc. All 
these factors are essentially constant for 
the same card, except as they may be 
liable to change with changes of con- 
dition. 

The resistance of the medium is more 
complex ; for itnot only involves several 
distinct elements, but its law of action 
is somewhat uncertain under considera- 
bly varied circumstances of the form 
and velocity of the moving body. 
Nevertheless, it appears to be certain 
that the resistance of a medium, properly 
so-called, is solely a function of the 
velocity, of the moving body, involving 
no absolute term independent of that 
velocity. As to the form of this 
function, it is far less certain ; but we 
are justified, from the results of experi- 
mental research on this subject, in con- 
cluding that the moment of resistance 
of the medium to the motion of a body 
of unyielding form, like that of a com- 
pass-card, is represented by a product of 
five factors—the square of the velocity 
of the card, its section of resistance, the 
mean radius of that section, the density 
of the medium, and the coefficient of re- 
sistance ; the latter depending on the 
form of the card, and possibly, also, on 
the velocity, in view of the considerable 
variation in this element during the 
motions of the card. Of these factors, 
all but the first and fifth are sensibly 
constant for the same compass ; and of 
the fifth there is only some doubt 
whether it can always be expressed as a 
constant for the same compass, or must 
be modified somewhat for the variable 
velocity. 

——_—_-g>e——_——- 


Tue report of the Swansea Wagon 
Company, presented at the ordinary 
meeting, shows a disposable balance of 
£14,110 18s. 11d., of which £5,919 18s. 
will be paid in dividend on the prefer- 
ence and original shares. 
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Wirn the knowledge thus obtained, ; 
we can proceed to select a suitable in- | 


the school of practice. The Professor 
learned them after a series of elaborate- 


strument for making sound signals. It| ly conducted experiments. 


is not worth while to speak of the bell, | 
except to condemn it as being unfit for) 
It may do tolerably well|the other at the bottom of the South 


sea Coast use. 


Professor Tyndall established two sta- 
tions for his experiments, one at the top, 


about harbors, in narrow channels, on| Foreland Cliff; a vertical distance of 195 


light boats for local purposes only, but 
as an aid to navigation, to a vessel run- 
ning in from sea, it is almost worse than 
useless, because it may deceive the man 
who has not had any experience with it, 
he trusting to hear its tones at the regu- 
lation distance, runs on until he becomes 
involved in perils that are speedily fol- 
lowed by destruction. 

The steam whistle is a great improve- 
ment upon the bell, and the steam siren 
is superior to the whistle. Of the latter 
instrument, Professor Tyndall remarks : 
“That in almost all cases it may certain- 
ly be relied on at a distance of two 
miles.” 

Professor Tyndall is high authority, 
and as the scientific adviser of the Elder 
Brethren of the Trinity House, he con- 
ducted an inquiry into the subject of fog 
signals, commencing in May, 1873. The 
instruments with which he experimented 
were air trumpets, horns with vibrating 
steel rods, air whistles, steam whistles, 
an American siren, and three guns, one 
an oy snore pounder, a five and a half 
inch howitzer, and a thirteen inch mor- 
tar; gongs and bells were not included, 
because previous observations had clear- 
ly proved their inferiority to trumpets 
and whistles. 

Seamen have always known that 
sounds are transmitted best from an éle- 
vated station ; in a heavy gale you can 
distinctly hear the voices of the men 
aloft, whilst at times they cannot hear a 
word from deck, even when a trumpet is 
used. Seamen have known also from 
circumstances of very common occur- 
rence in their experience, that a fog is 
very favorable for conveying sound. 
These two important facts they learn in 
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feet separated them ; “ Comparative ex- 
periments at the outset gave a slight ad- 
vantage to the upper instruments, they, 
therefore, for the most part were em- 
ployed throughout the subsequent in- 
quiry.” In a paragraph towards the 
close of his report, the Professor says : 
“ Happily, the experiments thus far made 
are perfectly concurrent in indicating 
that at the particular time when fog sig- 
nals are needed, the air, holding the fog 
in suspension is in a highly homogeneous 
condition, hence, it is in the highest de- 
gree probable that in the case of fog, we 
may rely upon the signals being effective 
at far greater distances.” This I sup- 
pose is enough to settle the questions as 
to the advantages to be derived from an 
elevated signal station for sounds and 
the superior condition of the atmosphere 
during fogs for their transmission. ° 
Professor Tyndall gives a preference 
to the American siren over all of the 
other competing instruments; however, 
he speaks of the gun as being “ entitled 
to rank as a first class signal,” and recom- 
mends that further experiments be made 
with it, and that it ought to be of the 
most suitable description, also that the 
commanders of the Holyhead boats are 
unanimous in their commendation of it. 
The guns used by the Professor in the 
course of his experiments, it is seen, 
were not of the right description, they 
did not burn enough Pete. and they 
were entirely unaided by any acoustic 
device. We have seen the old-fashioned, 
long thirty-two pounder tried with eight 
pounds of powder, and have heard it at 
remote distances—the guns of a frigate, 
firing a salute in Monterey Bay, were 
heard in San Francisco Bay, the distance 
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in an air line being 75 miles. At Sandy- 
hook, a striking contrast in favor of guns 
over the fog signal instrument mounted 
there, has been repeatedly observed ; be- 
yond the farthest reach of the steam 
siren, vessels heard distinctly the reports 
of the guns that were undergoing tests 
at that place. 

Seamen have great faith in the supe- 
riority of guns for producing fog sig- 
nals ; they believe that the report of a 
gun of suitable dimensions can be heard 
at a greater distance than the blast of a 
steam whistle, or the more powerful 
sound of a siren; they know that at 
night its flash can be seen through a fog 
of no mean density ; they feel a confi- 
dence in guns, that they have not in 
favor of any other instrument, and as 
aids to navigation are intended for the 
benefit of the navigators, let them have 
what they know to be the best to suit 
their necessities, and in the name of 
common sense, under any circumstances, 
let them be consulted, let them have a 
voice in the selection of instruments, and 
locations for mounting them. 


There are plenty of old guns retained 


by Government about the navy yards, 
condemned as useless for purposes of 
war, let us have them to subserve the 
interests of peace. Mount one of these 
guns upon an elevated platform ashore, 
or on the deck of a light-boat, and dur- 
ing periods of fog fire it at intervals of 
five minutes, using eight pounds of pow- 
der, wherever a sea coast fog signal is 
needed, and most assuredly there will be 
fewer vessels lost than there are now. 
Late papers tell us that the Admiralty, 
alarmed at the loss of the Vanguard by 
collision with a consort in a fog, has or- 
dered that in future guns shall be used 
as fog signal instruments. 

To convey the human voice to more 
than ordinary distances man uses a trum- 
pet ; to transmit the sound of a siren a 
trumpet is also used; then give the gun a 
chance, and send its loud mouthed report 
with thundering echoes through a trum- 
pet too. Steam whistles and sirens of 
the present power may be good enough 
for coasters, pilot boats, and for other 
vessels that have had a fresh departure, 
but they are only a little better than the 
bell to the ship running in from sea 
— by dead reckoning alone, for the 
imit of their sound leaves too small a 





margin beyond the danger line. The 
change to the gun will be easy enough; 
the only expense will be in transporting 
it to its assigned place and mounting it; 
it will hardly require additional hands 
to the present complement allowed to 
fog stations, the powder can be drawn 
from what is annually condemned as not 
being up to the standard in strength for 
projectiles, but still retaining enough of 
Its noisy properties. 

At the time when this paper was first 
written, the ewe of the loss of 
the German steamship Schiller, Captain 
Thomas, was just received. Her case 
was used to illustrate the importance of 
what has been said about needed re- 
forms, and as it is, doubtless, very well 
remembered, I will use it now. Since 
her terrible wreck on the Scilly Islands, 
nothing has occurred to change my views 
as to the causes that brought it to pass, 
and it is a peculiarly interesting one, for 
it occurred upon a familiar route, and it 
embraces completely the reasoning that 
has been adopted in the preceding pages. 

The Schiller was a large full-powered 
first class steamship, about a year old, 
thoroughly equipped and well manned. 
She was one of a line of steamers in the 
trade between New York and Hamburg, 
calling at a port or ports in the Englis 
Channel. In pursuing the course usually 
followed by vessels of her line, she 
would have passed south of the Scilly 
Islands, but well within the limit of 
visibility of Bishop’s Rock light, and 
then she would have hauled in for Ply- 
mouth, her destination. 

Bishop’s Rock, the southwesternmost 
outlying danger of the Scilly Islands, 
has a light and a bell upon it ; in nights 
of clear weather, the light shines forth 
its warning rays to a distance of sixteen 
miles ; in fogs, it is, of course, obscured 
and useless as an aid to navigation, and 
the bell is called into requisition to per- 
form a service that it is not equal to. 

By the reports that have come to us, 
we learn that this important steamship 
had been without astronomical observa- 
tions for position for three days imme- 
diately preceding the wreck ; that the 
weather had been thick and stormy, that 
her captain had been on deck several 
days and nights consecutively ; that at 
9 p.m. of the 7th May, in a dense fog 
with a breeze from S. W., believing the 
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ship to be close to the land, the order 
was given to take in a]! sail, the courses 
was altered to S. E., and the engines 
slowed down to give a speed of ten| 
knots through the water. At 10 P. m.,| 
one hour after altering the course, one 
hour at a speed of ten knots, she struck 
on Retarriere Ledge, a danger situated 
S. E. §ths of one mile from Bishop’s 
Rock. Unhappily, she ran ashore at 
the period of low water, for the rising 
tide had much to do with the loss of life 
that followed. 

Three days before the wreck, the 
Schiller was about one thousand miles 
west of the Scilly’s in bad weather. It 
is anxious work to run in from the wild 
Western Ocean, and to straighten up 
Channel by dead reckoning alone ; and 
it was good navigation on the part of 
Captain Thomas to run his steamship 
through cloud and mist and fog along a 
track so closely capermnaing to the 
true one, and it was his great misfortune 
to be at last thrown off by insufficient 
allowance for currents or for local at- 
traction as he came up with the rocks. 
He believed that he was near Bishop’s 
Rock at 9 rp. m., and he did what Z 
thought to be at the time necessary for 
the safety of his ship, he took in sail, re- 
duced the speed, and headed more to 
the southward. 

The sixty fathom curve of soundings 
sweeps around in the are of a circle of 
which Bishop’s Rock is the centre, hav- 
ing a radius of fifteen miles, the fifty 
fathom curve with a radius of five miles, 
and the forty fathom curve approaches 
the Rock to a mile on its south side, and 
one and a half miles on its west side. 

Now, taking the speed of the steam- 
ship, and the course she steered after 9 
p. M., we find that at 9 she was five miles 
inside of the sixty fathom curve and nine 
and a half miles from Bishop’s Rock, at 
9.30 she was just on the inside of the 
fifty fathom curve and four and a half 
miles from the Rock. From this it can 
be seen that if she had headed only a 
half point more to the southward she 
would have cleared the dangers, or that 
a cast of the lead at 9 and another at 
9.30 Pp. m., would have given sufficient 
warning of peril to a prudent navigator; 
but the course that was at first decided 
upon was adhered to, and sounding ap- 
pears not to have been thought of. e 





led ? 
operation of the causes that I have been 
— of? There cannot be any doubt 
about it. 


learn that four officers, including the 
captain, were on the bridge, an 
two men were on the look-out forward. 


that 


About 9.55 Pp. m. she must have been 


abreast of and close to leeward of Bish- 
op’s Rock—probably not two cables 
length from it—to strike Retarriere 
Ledge, on the course that she steered, 
she 
almost within hailing distance of it, yet 
they neither saw or heard anything; this 
seems to be incredible. 


ad to pass inside of the Rock and 


The atmosphere 
was in a peculiarly favorable condition 


for the transmission of sound, she was 


to leeward of the bell; the regulations 


of the Board of Trade require the bell 


to be struck in foggy weather, and the 
light-keeper swears that it was struck. 
Alas! it was not heard, for even then 
prompt action would have saved her. 
There are other circumstances in this 
distressing case that puzzles investiga- 
tion ; seamen know that as she passed 
close to leeward of the Rock, an appre- 


ciable change must have occurred in the 


force of the wind, in the character of 


the sea, and the smell of the rock must 


have been strong, particularly at low 
water, yet the indications were un- 
noticed. 

What was the cause of this apparent. 
lect, or inability to think of the most 
inary precautionary measures, or to 


ne 
or 


distinguish the presence of certain well- 


known signs ? How are we to account for 


the loss of this splendid steamship, so well 


manned, and hitherto so skillfully hand- 
May we not attribute it to the 


The three or four days of bad 
weather without observations, preceding 


the wreck, the care and perplexity of 


running by dead reckoning alone over a 
thousand miles, a position around which 


she was to haul in for her port, the sea 
crowded with inward and outward bound 
vessels, the currents variable in their 
strength and uncertain in their direction, 
required extraordinary vigilance on the 
part of her officers, the strain brought 
upon them, and the almost constant ex- 
posure under the custom of “watch and 
watch,” was quite enough to use them 
up. The Captain was probably in a 
worse condition than any of his mates, 
for he is said to have been on deck most 
of the time, and this is not surprising 
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for he was responsible for the safety of 
the ship, his anxiety was the greatest, 
and he felt the necessity of giving his 


a. attention to the duties of the 
eck. 


So that when the critical time arrived 
—when the perilous situation of the 
steamship demanded for her preserva- 
tion, the exercise of the clearest judg- 
ment, and the employment of the Sow 
est faculties, the Captain or the mates 
did not possess either one or the other 
of them, they were not in a condition 
equal to the emergency—their minds 
were clouded, their senses were blunted 
by overwork, exposure and insufficient 
sleep. If they had been in a fresh and 
vigorous condition of body and mind, 
they would not have overrun the dis- 
tance, they would have reasoned out the 
necessity of sounding, they would have 
become aware of the closeness of Bish- 
op’s Rock in spite of the fog. Does 
any one believe that if we could have 
put on board of that ill-fated steamship 





an intelligent shipmaster and four mates, 
all clear headed and strong at 9 Pp. m., 
when the order to reduce the speed was 
“ that she would have been lost? 

orking from her position of three days 
before they would have appreciated their 
situation, and have at once adopted the 
simple remedies that were adequate to 
save her. 

I hope that the evils of the custom of 
“ watch and watch” are now understood, 
but, as great as we know them to be, it 
is more than probable that the Schiller 
would have been saved if a gun of a 
suitable description had been used for 
signals, instead of the bell on Bishop’s 
Rock, or if it had been mounted on any 
convenient ledge in the immediate neigh- 
borhood and properly served, the wreck 
would not have happened, for its loud- 
mouthed warning would have been dis- 
tinctly heard, even by worn and weary 
men, far enough off to have turned her 
upon her course, and thus have preserv- 
ed the lives and property so sadly lost. 





LIFE RAFTS. 


From “The Engineer.” 


Amone the numerous lessons which 
the details of the wreck of the Deutsch- 
land presents to our notice, there is not 
one more striking than that offered by 
the total inefficiency of the boat service 
in time of need. A large passenger 
steamer, belonging to a company whcise 
special province it is to carry the mails 
and passengers between Germany and 
America, is stranded upon a sandbank 
within a few miles of a lightship, with 
which she is able to communicate her 
distress by means of signals, and yet so 
badly off is she in the matter of boats 
and the means of lowering them that 
but one can be launched, and that one 
so small that only three men are able to 
escape in her. There appears, however, 
to exist an impression that even if the 
boats had been sufficient in number to 
accommodate the whole of the crew and 
poreengers, and had been provided with 
the most perfect system of lowering in 
existence, still it would probably have 
been impossible to have lowered them in 





safety on account of the heavy sea which 
was running. In our own Passenger 
Act it is laid down that boats shall be 
provided numerous enough to carry the 
whole of the crew and reagan but 
it is manifestly impossible to hang all 
these boats in davits round the side of 
the vessel, and therefore they have to be 
carried stowed inboard, sometimes one 
within another, in places where it is almost 
Pe men mnay to get at them when wanted, 
and where they are liable to damage. It 
is therefore evident that to insure the 
safety of the passengers in case of any 
accident happening to the ship, it is not 
enough to insist on a certain number of 
boats being carried, but that some other 
means must be provided of escape from 
a stranded or sinking vessel in such a 
case as that of the Deutschland, where 
the practicability of launching even the 
boats hung in the davits is extremely 
doubtful. 
For this 
vices have 


different de- 


urpose man 
, out of which 


n invent 


- 
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some five or six have especially come be- 
fore the notice of the public. The first 
of these is the tubular life-raft, which. 
was rn gard made of some inflatable 
material, and of which a typical one, the 
Nonpareil, made the journey from 
America to England under sail. The 
United States’ Commissioners who were 
appointed to investigate the subject, ob- 
jected to the inflation on account of the 
time it waquld take, and the life-raft now 
adopted is made of metal, and consists 
of two tubes, pointed at either end, and 
connected by girders, and carrying air 
and water-tight tanks holding provisions 
for a week for twelve persons. These 
tanks are fitted between the girders, and 
have a screw cap both at the top and 
bottom, so that it is immaterial on which 
side the raft alights in the water. The 





rafts themselves are so light that four 
men can throw one of them into the 
water over the side of a vessel. A wey 


similar a paratus was invented in 1852 '| 


by Mr. Richardson, and was called the} 
Challenger Lifeboat. This consisted of | 
two circular tubes of tinned iron, 2 ft. 6) 
in. in diameter, each tube bein divided | 
into twelve compartments. The tubes 
were placed 3 ft. apart, and the ends 
turned up and joined. The tubes were 
held together with iron arches, on which 
the grating and seats were fixed. The 
raft was provided with sixteen oars, as 
well as two lugsails, topsails, and jib. 
There was, however, no special contri- 
vance for launching this raft, other than 
that on gp te for ordinary boats, which 
we have already pointed out as being 
extremely defective. Mr. John White, 
of Cowes, seems to have been the first to 
invent a method of overcoming this 
difficulty, by his contrivance called the 
lifeboat bridge. This consists in con- 
verting the bridge, which is generally 
used merely as a means of crossing from | 
one side of the vessel to the other, into a | 
lifeboat. This lifeboat is made a little | 
longer than the breadth of the vessel, 
and is carried upon ways, the platform | 
of which, being pivoted in the centre, 
can be lowered at either end at will by 
knocking down a couple of staunchions | 
on which it rests, when, the other end | 





stowing and launching the lifeboat is, 
that it is not liable to be damaged, or 
washed away, as those hung in davits 
outside the ship. A plurality, too, of 
these bridges may be carried, according 
to the size of the ship, and, by a peculiar 
arrangement, can be turned fore-and-aft 
if required. A bridge boat, 40 ft. long 
and 10 ft. wide, will carry 125 persons, 
so that three of these—which can be ar- 
ranged as two transverse bridges, 40 ft. 
apart, connected by a fore-and-aft bridge 
—would be capable of containing a crew 
of 375 persons. We understand that 
the Admiralty have ordered the Orontes 
troopship to be fitted with these bridges. 
Mr. H. Christie, of the Peninsular and 
Oriental Steamship Company, and Mr. 
Roper, have adapted Mr. White’s method 
of launching to peculiar forms of life- 
rafts. Mr. Christie’s raft, which is rect- 
angular in form, consists of a wood 
framing, the spaces between which are 
filled with air-tight tin cases. After it 
is afloat, a water-tight bulwark can be 
formed around it, by raising a number 
of hatches pitted upon hinges. Mr. 
Roper’s life-raft is very like Christie’s in 
general construction, but his modifica- 
tion of White’s launching ways consists 
of doing away with the central pivot, 
and lowering either end by a mechanical 
arrangement worked from the bridge 
itself ; but whereas Christie’s life-raft, 
like the American tubular rafts, is re- 


iversible, Roper’s is not ; and this, we 


must say, we consider a decided disad- 
vantage. Both Christie’s and Roper’s 
rafts, however, labor under another dis- 
advantage, namely, that of having but 
little freeboard ; for if the passengers on 
a raft in a heavy sea are continually 
washed over by the sea, they are in 
danger of subiiden by the cold before 
they can reach any place of safety. 

A life saving vessel just invented by 
Mr. J. A. Stockwell eertainly appears to 
possess some very important advantages 
over the three plans we have just dis- 
cussed. In the first place, from its shape 
it is more stable and can carry more 

assengers than White’s lifeboat ; and 
in the second place, it has a high free- 
board, and is therefore not so liable to 


being elevated, the boat is at once shot be washed over as either Christie’s or 
into the sea, its bilge-pieces forming the | Roper’s raft. It consists of a circular 
skids, which fit into the launching ways. | vessel, 20 ft. broad, and constructed of 
A great advantage of this method of|an annular cylinder 5 ft. in diameter, 
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round which seats are’built inside. These 
seats, being made water-tight, can carry 
fresh water and provisions for the pas- 
sengers. Over this annular cylinder a 
battened deck is fitted by means of 
knees, so that the sea can break up 
through it, and there is therefore not 
much fear of the vessel being capsized. 
The navigating qualities of the vessel 
are complete, for she is provided with 
masts, sails, and rudder, a stem or pro- 
jecting cutwater, and a drop keel which 
can be lowered or raised at will. The 
vessel would be divided into four water- 
tight compartments by bulkheads with 
sluice valves, each compartment havin 
a separate hatchway fitted with a venti- 
lating cap, constructed so as to admit 
sufficient air and at the same time pre- 
vent water from entering. Each com- 
partment is also provided with water- 
tight scuttle-lights. A pump, too, is 


fitted to draw off any water which may 
get inside, communication throughout the 
whole vessel being maintained by means 
of the sluice valves in the bulkheads. 
On the outside of the vessel a rubbing 
plate of wood is worked, so that she 


could go alongside any ship or be board- 
ed by a boat without danger. Life-lines 
are fitted round the edge 60 feet long, 
and carrying a cork ball at the end by 
which persons in the water might be 
saved. 

One particular advantage claimed b 
the inventor is the fact that in this life 
vessel there is so vast a quantity of dis- 
placement, in proportion to the size, that 





it would be impossible to overload it 
with passengers, because there is not 
sufficient deck space to hold them,where- 
as the ordinary lifeboat, when over- 
crowded, is often rendered useless. The 
method of launching these vessels is 
rather peculiar. They are carried amid- 
ships raised above the deck, and placed 
on ways made of two angle irons form- 
ing a groove, in which the skids of the 
angle iron, which forms the bilge keel 
of the vessel when afloat, slide. Outer 
ways, in combination with these ways, 
can be slid out beyond the side of the 
ship, so that the life vessel can be launch- 
ed clear of the side. The ways, how- 
ever, instead of being straight, as in 
White’s plan, are curved to the segment 
of a circle, and under the launching 
cradle horizontal cast iron rollers are 
fitted to prevent all friction or jamming 
in the groove of the launchways. The 
launch of one of these life-saving ves- 
sels from a hulk at Blackwall, some few 
weeks since, was perfectly successful, 
and we should be glad to see it further 
tested on actual service. We think, 
however, the time has arrived now when 
it becomes the duty of the Board of 
Trade to take the matter in hand. If 
they were to offer a premium for the best 
life-saving raft or vessel answering cer- 
tain conditions, and to give all those 
comers @ severe test in heavy weath- 
er, the Passenger Act might be further 
amended by a clause to the effect that 
all passenger vessels should carry a life 
raft of certain proportions. 


HYDRAULIC EXPERIMENTS. 
From “ Engineering.” 


Tue typical English hydraulic engi- 
neer is the most complacent of beings ; 
with his shelves loaded with old folios 
and new editions he is prepared to face 
the cross-examination of any awe-inspir- 
ed deputation of spirited inhabitants, 
with the equanimity characteristic of the 
witness who really does know all about 
it, and means to speak the truth. There 
is little excuse required for the credulity 
of the members of the deputation. 
Works on hydraulics by long-forgotten 





authors can be picked up at any book- 
stall, and if the date rm ee to be some- 
where about 1700, and the author as 
usual advances unfailing formule for 
every imaginable case, the general pub- 
lic may well be excused for assuming 
that the mine of information bearing 
upon hydraulic science has been so well 
worked that it will not repay further ex- 
ploration. 

Even the earnest student may for a 
long time remain in a happy state of ig- 





HYDRAULIC EXPERIMENTS. 


811 





norance concerning the present state of 
the science, but sooner or later, when 
caine with some actual or hypothetical 
case, the truth bursts upon him that the 
results given by the formule of one 
sheeead authority are entirely at vari- 
ance with those derived from a no less 
venerated master, and that in short the 
multiplicity of his results is only limited 
by the number of his references. After 
the first disenchantment there will be 
little peace for him, for the further his 
researches are extended the more pre- 
ommaogg will appear the disproportion 

tween the vast mountain of deduc- 
tions and the poor little molehill of facts. 
Assume for the moment that our young 
——— begins by conferring with his 
“ Neville ”—which is a fair sample of an 
English text-book on hydraulics, and 
serves the purpose of our illustration 
better than another, since a new edition 
has recently been called for—and assume 
further that he is seeking the probable 
mean velocity in an irrigation canal of 
given fall and cross section. 

At the end of his volume he will find 
convenient Tables giving by inspection 
the very element he wants, in inches and 
hundredths of an inch. He may be cu- 
rious to know to whom he is indebted 
for these very wong | and conclusive 
results, and the text will inform him that 
it is to Du Buat. The name will doubt- 
less be already familiar to our student, 
but if he still “asks for more,” and per- 
sists in following up the trail, he may be 
somewhat startled to find that the date 
upon the Tables should be 1785, rather 
than 1875, since it was in the former 
year that the Chevalier Du Budt and 
the Abbé Bossut published their conclu- 
sions—which, in many instances, were 
based upon experiments carried out by 
M. Couplet, the engineer of the Versailles 
Water Works in the almost prehistoric 
period of 1732. He may possibly infer 
that deductions which have thus held 
their grounds for upwards of a century 
must necessarily be sound and trust- 
worthy, but of course the inference 
would be entirely wrong. The tabulat- 
ed velocities, though expressed in hun- 
dredths of an inch, are in reality but the 
wildest guesses at the actual velocities 
in irrigation canals of ordinary dimen- 
sions. Colonel Cautley relied upon Du 
Buat when he laid out the Ganges Ca- 





nal, and found him but a rotten reed, for 
the water in every instance tore along at 
unexpected velocity, and erosion of the 
bed and destruction of works followed 
in its wake. 

Du Buat then must be put upon the 
top shelf of the book-case, and it will 
be just as well, when the steps are there, 
to carry up every English work in which 
the name of Briining, Girard, Bossut, 
Prony, Eytelwein, or D’Aubuisson, are 
continually recurring as authorities, 
against whom no action can be taken. 
In this general clearance Beardmore, 
Downing, Box, and almost every other 
hydraulic text-book compiled x glish- 
men will, with more or less hesitation, 
have been shelved, and the young engi- 
neer will then be able to form a fair 
estimate of the contribution which his 
countrymen have made to the common 
fund of knowledge concerning the laws 
governing the flow of water. We think 
we may venture to state, without fear of 
contradiction, that up to the present date 
the science of hydraulics has not been 
materially extended or its progress ap- 

reciably accelerated by the labor of any 

_ experimenter. 

hen M. Bazin presented his report 
to the Academy of Sciences in 1863, 
many illusions which had almost univer- 
sally prevailed during the preceding cen- 
tury were rudely dispelled, and from the 
multiplicity of fresh data the science 
received a new impulse. Perhaps the 
most important of all the facts elicited 
was the vast and unexpected influence of 
what may be termed the skin of the 
channel upon the speed of the current. 
At the very time when these conclusive 
experiments were being patiently carried 
out by French engineers, there were not 
wanting two English engineers of the 
first rank in their profession to condemn 
in vigorously sarcastic terms the initia- 
tors of a series of experiments under- 
taken to ascertain the actual discharges 
of pipes made of various materials. 
One of these unfortunately influential 
critics maintained that “in an engineer- 
ing point of view it was perfectly imma- 
terial whether the surface were brick, 
iron, or glass, since the resistance in all 
instances must be the same,” whilst the 
other one with characteristic bluntness 
and assurance added that “any fur- 
ther experiments involved a mere waste 
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of money.” It is rather amusing to re-| 
periments which have recently been so 


flect that the Jatter gentleman was quite 
recently appointed a member of the com- 
mittee to advise with Mr. Froude as to 
the experiments which should be under- 
taken to ascertain the resistance of steam- 
ships, for Mr. Froude’s views on skin re- 
sistance are tolerably well known, and 
the alliance was, at least, a curious one. 
In the experiments referred to, the state 
of the copper sheathing was carefully 
noted by Mr. Froude, and its resistance 
was stated by him to be about the same 
as if the immersed portion of the hull 
were half covered with calico and half 
varnished—a significant refinement when 
it is remembered that almost every popu- 
lar formula given in our text-books 
draws no distinction even between glass 
and earthwork if a pipe or channel be in 
question. 

The results of the experiments insti- 
tuted by D’Arcy, and continied by Baz- 


in, together with the well known Missis- | 
sippi investgations, afforded a grand. 


mass of facts at which Bazin himself, 
Gauckler, and many others have since 
labored with a view to deduce a compre- 
hensive formula which shall include 


every case, from a street gutter to a) 
The most successful of | 
all the workers in this field are perhaps 

illet and Kutter, whose laborious- | 
educed comparative results have) 
been reproduced in almost every other 


mighty river. 
Gan 
ly 


Mr. Jackson 


language but our own. 


‘series of 
'Government engineers at Roorkee would 


importance of the series of hydraulic ex- 


successfully — by Captain 
Cunningham, R. E., of the Thomason 
College, Roorkee. We have seen that 
the contribution of Great Britain to the 


‘general store of knowledge has been 


perfectly contemptible and unworthy of 
a great nation which in its Indian irri- 
gation works has finer opportunities for 
such researches than any other countr 
on the globe. The prestige of Englis 
engineers has not even held its own in 
recent times, and the English element is 
as persistently ignored in Continental 
text-books, as with the foreign policy of 
the country in diplomatic circles before 
the reaction caused by the purchase of 
the Suez Canal shares. To recover their 
prestige, English engineers must pursue 
an gry | bold policy. An exhaustive 
ydraulic experiments by the 


at once restore the English element to 
every engineering text-book on the Con- 
tinent, where at present it is contemptu- 
ously ignored. Surely now that a suita- 
ble man is found in Captain Cunningham 
to carry out the experiments there can 
be no “rocks ahead.” Even if we elect 
to be judged as a nation of shopkeepers, 
the experiments can be justified, as they 
will return the necessary outlay many 
times over in a few succeeding years. 
Lord Salisbury is half an engineer him- 
self, and holds the reins—cannot he be 


bases some of his Tables upon Kutter, induced to interest himself in the science 
and so far as we know, that is the only of hydraulics? 


instance in which the deductions of the |} 


Mr. Froude is now conducting for the 


latter have been referred to in an Eng-| Admiralty one of the most complete 
lish work. Our own attention was first|series of experiments ever yet under- 


bors through a notice which appeared in 
the Proceedings of the Dutch Institu- 
tion of Engineers. Perhaps it is not too 


attracted to Ganguillet and Kutter’s la-| taken by any nation. 


The laws govern- 
ing the resistance of solids moving 
through water are thus in a fair way of 
being ascertained, and if Captain Cun- 


late, even now, to induce Mr. Forest to| ningham undertakes in like manner to 


append a full translation of the German. 


determine the laws governing the flow 


— in an ensuing volume of the of water in large channels, we shall in- 
“ 


oceedings.” 


Indian brethren may have already trans- | 
lated the memoir ; if our memory serves | 
us those of Bazin and Gauckler have’ erto indulged. 


been republished at Roorkee though not , 


at London. 
It is only by thus taking a retrospec- 


Possibly some of our|deed make ample reparation for the 


petty filching and pilfering from our 
neighbors’ stores in which we have hith- 


Some of the results already obtained 
by Captain Cunningham—as will be seen 
from the summary of his report—are 


tive glance over the whole field that we both novel and interesting. The estab- 
can fully appreciate the precise value, lishment of the principle of “unsteady 
and, we may venture to add, national! motion” will clear up many anomalies ; 
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it may, for instance, explain the differ- 
ences in the mean surface velocity at the 
Solani Aqueduct as measured in 1874 
and 1863. According to Captain Cun- 
ningham the mean surface velocity was 
-927 of the central velocity, whilst in the 
earlier experiments, if Mr. Logan be 
correct, the ratio was .88 only. The sur- 
face velocity curve in the Solani Aque- 
duct was in form a flattened ellipse, and 
of such regularity that the temptation 
to Captain Cunningham to find its equa- 
tion proved irresistible. We do not see 
what use the equation will serve unless 
it be to enable us to reproduce approxi- 
mately the surface velocity curve in the 
Solani Aqueduct, which can, of course, 
be better from the observations direct. 
We have now before us a pretty exten- 
sive assortment of surface velocity curves. 
In some, as in the instance of the 
Solani Aqueduct, the bank is tangent to 
the curve, but im others it is normal to 
the same. In one example where the 


cross section was very similar to that of 
the Solani embankment channel, the 
bank on one side was tangent to the 
curve, and on the opposite side at an 


angle of 45 deg. nearly. We may add 
that many of the curves we refer to were 
measured by Mr. B. T. Moore, M. A., a 
highly competent and scientific observer, 
as Captain Cunningham will readily con- 
cede, since he makes use of Mr. Moore’s 
formule in the computation of his areas. 

We differ then from Captain Cunning- 
ham—and we are glad to say it is the 
the only point on which we differ—in 
thinking that the fact of his surface 
curve being a “ quartic ellipse ” is an in- 
teresting result of the experiments. To 
us it is no more interesting or suggest- 
ive than would be the discovery that the 
curve of Primrose Hill was a true con- 
choid. We wish it were otherwise, and 
that some short cut could be found to 
the desired end, but with the diagrams 
before us we cannot but feel that many 
months’ hard work have to be gone 
through before any generalization can 
be usefully attempted. It is only fair 
to Captain Cunningham to state that he 
attaches no undue importance to the dis- 
covery, and that in all probality any 
mathematical work is to him rather a 
pastime than a labor, even though the 
thermometer be at 120 deg. in the shade. 

The Roorkee experiments afford a fur- 





ther confirmation of the fact that the 
central vertical velocity curve is approx!- 
mately a parabola to within a short dis- 
tance of the bottom. This truth was 
elecited at a very early period in the his- 
tory of hydraulic science ; we remember 
seeing it recorded in an old German 
tract on hydraulics formerly in Smeaton’s 
possession, and at least 150 years old. 

We are pleased to note that Captain 
Cunningham’s preliminary report proves 
him to be not merely a mathematician, 
but a practical man who will know how 
far he can safely apply his facts in the 
development of a comprehensive theory. 
We are not of those who contend that 
every practical suggestion of a pure 
mathematician mst be wrong, but we 
are bound to admit that too great faith 
in theoretical deductions unverified by 
direct experiments sometimes leads to 
an undesirable result. An amusing in- 
stance of this occurred a short time ago 
at a meeting of one of our scientific in- 
stitutions, when the subject under dis- 
cussion was the marvellous speed of one 
of Thorneycroft’s launches. A deserv- 
edly eminent shipbuilder, well known for 
his persistent and able advocacy of his 
own theoretic deduction that to obtain 
a certain speed the ship.must be of a 
certain minimum length—about five 
times as long as the boat under discus- 
sion—was attempting to show by a refer- 
ence to the lines of the boat exhibited 
on a diagram hanging on the wall, that 
after all her performance was just as it 
should be. The apoplectic symptoms 
commonly indicative of “ trying to come” 
what Mr.»Weller termed “a kind 0’ 
quiet laugh” being alarmingly apparent 
in Mr. Thorneyecroft’s countenance, it 
was suddenly discovered that the dia- 
gram had accidentally been hung upside 
down, and that although the demonstra- 
tion was progressing as well as could be 
wished, it of course implied the assump- 
tion that the boat traveled stern fore- 
most. 

It would have mattered little had it 
been otherwise. Any one who had not 
seen the boat at high speed might have 
sat quietly down and calculated her 
“augmented surface” and propable 
speed in the most confident manner, but 
would afterwards have been quite aghast 
to find that when fairly settled down to 
her work she just lifted her bows clear 
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out of the water, showing daylight 
under the first 6 ft. of her keel, so that 
as far as speed was concerned her fine 
razor-like cutwater might as well have 
been replaced by a slice off the Popoffka. 
All engineering history tends to prove 
that it is hardly safe to make the sim- 
plest rains | deduction in hydraulic 
science. Before Macneill’s experiments 
of some forty years ago it was always 
assumed that the resistance of a vessel 
moving through water would necessarily 
vary as the squares of the velocities. 
The experiments did not bear out this 
theoretical deduction, and so contempo- 
rary critics did not hesitate to throw 
over the experiments: “Only think, 
—_ readers !” says the Mechanics’ 

‘agazine of the day, “the illustrious 
Newton and his immortal band of 
followers taunted with ignorance of the 
first principles of philosophy by John 
Macneill. Is it not as if the beetle were 
to scoff the eagle for its blindness ?” 
Every engineer now knows that we need 
not go beyond Her Majesty’s navy to 
find resistances not merely differing 
slightly from the squares of their veloci- 


ties, but hardly comprised with the limits 
of v’* and v*. 

An experienced experimentalist such 
as Captain Cunningham, will of course 
carefully guard against making any such 
rash assumption as that twice two are 


four. The Royal Commission on Iron 
Structures found when cast iron-bars 
were in question that 2x2 was much 
more like 3 than 4. Mallet ascertained 
that the multiplication table required 
similar amendment in the case ‘of 
wrough-iron forgings, and we have no 
doubt if the ghost of Herr Musschen- 
brock should ever encounter Mr. Lister 
of the Liverpool Docks, there will be a 
very pretty altercation as to whether the 
cube of 12 is really 1728 or only 1000, 
when pitch pine is concerned. at two 
halves are equal to the whole may be an 
axiom sound enough for Euclid, but not 
so for the engineer. If, for instance, he 
ventured to assume that the two halves 
of a flat steel bar, divided ee 

by shearing, are equal in tensile seength 


to the original undivided bar, the con-| 


clusion might in some instances lead to 
disastrous results. ‘ 

In speaking thus we have no intention 
to depreciate the labors of mathema- 


| 














ticians, but having gone through the 
mill ourselves we know—and in this Mr. | 
Froude will bear us out—that an entire 
series of laborious experiments has not 
unfrequently had to be discarded in con- 
sequence of the neglect of some detail of 
theoretical insignificance. An unpracti- 
cal scientist and an unscientific practioner 
are alike undesirable as an experimental- 
ist. The former fixingyhis eyes on some 


|distant eminence movés straight ahead 


until probably he is plunged overhead 
in a morass or quicksand; the latter 
picks his steps painfully and cautiously 
enough, but before long unknowingl 

presents his back to the desired goal. 
Captain Cunningham we feel sure will 
avoid both evils, and take the shortest 
practical route to the point at which he 
aims. 

A very complete organization will 
necessarily be required if the hydraulic 
experiments now commenced be carried 
on to a fitting completion, and doubtless 
the best practical step would be to put 
Captain Cunningham in communication 
with Mr. Froude. We think also that 


‘some of Mr. Moore’s ingenious instru- 


ments, notably the self-recording current 
direction indicator, one of which is with 
the Artic expedition, might in Captain 
Cunningham’s hands lead to the a 
ment of some unexpected and valuab 
results. 

In conclusion we can assure Captain 
Cunningham that his labors will be 
watched with interest by engineers at 
home, who are glad to find him follow- 
ing thus worthily in the steps of his 
father, General Cunningham, now at the 
head of the Archzological Survey of 
India, and of his uncle, Colonel Cun- 
ningham, whose loss the literary world 
has within the last few weeks had cause 


to deplore. 
——_-ae——— 


A Prrrssurc correspondent of the 
Railway World writes that Messrs. Lew- 
is, Bailey, Dalzell & Co., Messrs. Spang, 
Chalfant & Co., and Messrs. Graff, Ben- 
nett & &o., have bought one of the But- 
ler County gas wells, and are arranging 
to convey the gas in a sixteen inch tube 
a distance of seventeen miles to their 
works, to be used instead of coal. They 
claim that it will enable them to produce 
iron at a rate that will give them an ad- 
vantage over all eastern producers. 





MOVEMENT OF AIR IN PNEUMATIC TUBES. 





EXPERIMENTS ON THE MOVEMENT OF AIR IN PNEUMATIC 
TUBES. 


By M. CHARLES BONTEMPS, Engineer in the French Postal Service. 
From “The Engineer.” 


Tue establishment of the pneumatic) riage by a cord and weight. The car- 
system in Paris afforded the author an/ rier, in passing along the tube, closed 
opportunity of investigating the move-| the circuit on striking the studs, produc- 
ment of air in the tubes. or this pur-| ing a deflection in the straight line traced 
pose a system of registration was adopt-| by one point on the smoked paper. The 
ed, electric indicators, connected by wires | other point produced a regular indented 
with chronograph, being placed at inter- | line parallel to the former, each indenta- 
vals along the experimental tube. Each|tion representing one second. These 
indicator consisted of a box, containing | lines alternated with one another. As 
two cams controlled by springs, and a| soon as the observation was taken the 
projecting stud. At the spot where the | smoked paper was removed, and the sur- 

x was attached to the tube, a hole was | face was fixed by placing it in a solution 
drilled in the latter, and the box was|of gum. The moment of commencing 
placed in such a position tha the stud | the experiment was electrically noted by 
entered the hole in the tube, its rounded | a commutator attached to the cock be- 
end projecting slightly beyond the inner | tween the reservoir and the tube. 
surface. The carrier in transit struck | Th : , se tad 1 
the stud, which actuated the cams, and | ° poe , I a © be 
the electric circuit being thereby closed, | _— Sane. &. iM - 2 Tint wo arg 
a mark was made upon the chronograph. | oe ‘oe os ror heges a a 
This ontrament consisted of tain of lengths of 10 ft Wn and connese 

oa : - ‘ 
Gockwork giving motion to a cylinder, | St. Germain, with that of the Place du 


round which was wrapped a sheet of 7 . : 
smoked paper. Parallel’ to the axis of | Theatre Frangais. It was practically 
the cylinder there was a carriage bear- | level, with a few curves of large radius; 
ing two electric magnets, one in connec- | and _ laid partly in the ground, partly 
tion with the indicator in the tube, and | ™ S¥2W4Y*- 

the other with a second beating electric, Five indicators were employed ; their 
clock. Each armature was terminated | positions, distances from the Rue de 
by a fine point, which reproduced on the | Grenelle, and the periods occupied in the 
smoked paper the oscillations of the transit of the carriers, &c., being as fol- 


palette. Motion was given to the car-' lows: 


0 | 2 3 4 5 





Name of Station | Solferino,| Solferino, Rue de | Theatre 
c | No.1. No. 2. Rivoli. | Frangais. 





| & ocd am teh & fi 8 oft 
215 68 1659 8 | 2628 34% 5413 14 | 6704 8 


| 215 6§ | 1444 244) 968 9H 2784 9} | 1291 5k 
| 2.3 secs. | 30 secs. | 57 secs. | 136 secs. | 167 secs. 


| 2.8 secs. |27.7 secs.| 27 secs. | 79 secs.| 81 secs. 
| me | he ft. in.| ft. in.| ft. in. 
Mean speed per second.... | 91 108) 49 2%! 385 7| 35 13) 42 8 














The experiments showed that at the|the gauge index first fell, and then rose 
moment when transmission commenced | till it reached a fixed point, always low- 
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er than the initial pressure. Also that 
the speed of the carrier ually reach- 
* ed a uniform rate, the slight increase at 
the end of the journey having been due 
to a secondary cause not affecting the 
result obtained. 

In other experiments the action of two 
carriers having a common movement in 
the tube was examined. The first car- 
rier was stopped in the tube, after a 
transit of six seconds ; the second was 
then despatched, and from the period of 
contact of each with the studs, the fol- 
lowing data were obtained : 





Position of 
Indicator. 


P e of 


assag Passage of 
1st Carrier. 


2d Carrier. 





0. Rue de Grenelle.. 
1. Cellar “ 


2. Solferino No, 1.. 
8. Solferino No. 2.. 
4. Rue de Rivoli .... 
5. Theatre Frangais| 











SEE8 
agcc 


From these figures the author deduced: 
1. That the time occupied by each piston 
in traversing the interval between two 
successive indicators closely approximat- 
ed, which showed that the two pistons 
required similar periods to traverse simi- 
lardistances. 2. That two pistons which 
had acquired their normal distance apart, 





preserved it throughout the whole jour- 
ney. 3. That the progress of the car- 
rier last introduced was independent of 
the initial position of the first. From 
No. 2 it followed that the density of the 
air was constant from the commencement 
to the end of the journey as soon as unl- 
form movement in the tube was estab- 
lished. 


The periods required by the carriers 
to traverse the tube between two indi- 
cations, with different pressures, were as 
follows : 





* 
4. 


Press- 


19.685 
in. 


From 
Rue de Grenelle 
to 





Secs. 
57 


Solferino, No. 2... 
167 


Theatre Frangais. . 1784 














The respective periods of contact with 
each indicator were 2.9 secs., 2.8 secs., 
and 2.9 secs. This practical identity 
was not accidental, but followed the gen- 
eral law, that the ratio of the periods of 
transit over two equal distances chosen 
arbitrarily on the line was, in the uniform 
period state, independent of the press- 
ures. 


BRITISH ALKALI ACTS—ELEVENTH ANNUAL REPORT BY 
THE INSPECTOR. 


Tae Alkali Act of 1863, after eleven 
years of solitary struggle with noxious 
gases, receives assistance from the Act 
of 1874, and now begins in a small de- 
gree a more vigilant, and it is to be 

—_ a more useful life. 
have little to do but to sum up the 
work of the past, and I have already 
done so much towards this that the sum- 
mary must be short. It is such a fre- 
pre question in my mind, what is the 
ct doing for the good of the public? 
and, I may add, what are the inspectors 
doing ? that I ought to have the replies 
ready ; but I doubt if it is quite possi- 





ble to make them with full satisfaction 
to all. If it is asked whether we have 
done the work set us to do, then I 
answer by the reports that we have 
done so ; but if it be asked whether we 
have caused vegetation to rise up where 
it was not before, if we have produced 
or allowed to be produced fruit where 
fruit would not previously grow, then I 
am afraid we must answer, No. If, 
however, we are asked whether we have 
prevented the destruction of vegetation 
where otherwise it would have been des- 
troyed, then we may safely answer, Yes. 
It was not our duty to cause crops to 





BRITISH ALKALI ACTS. 


317 








grow, it was our duty to cause the 
works under our charge to send out not 
more than five per cent. of muriatic 
acid. This certainly has been accom- 
plished in the full sense. Gas has occa-| 
sionally escaped from nearly every work 
to too great an extent for a short time, 
but it has been stopped, and the conse-| 
quence is that the great torrents which 
at one time rolled over the country are 
not now to be found. This sounds very 
well, but vegetation is destroyed with- 
out torrents. A gentle flow from a_ 
chimney or other part of a work may 
scarcely annoy us much, and yet in time 
it may cause destruction to trees and to 
all perennial plants; whilst a little| 
more, causing still only occasional in- | 
convenience, may destroy annuals and | 
obliterate grass. We must then, in 
order to obtain a flourishing vegetation, 
avoid even small portions of gas; and 





the question remains, how small is the 
smallest amount in the air that will do 
injury. It is not safe to allow even as 
much of sulphur gases as we have in 
Manchester and similar large towns if 
we consider vegetation alone. 

If more is allowed, then trees disap- 


pear. In these small quantities the 
effects of sulphurous acid and ‘sulphuric 
will probably be nearly the same. 
Different opinions are given on this sub- 
ject. My opinion is that sulphuric acid 
does most harm at once, but it may be 
that in the long run there may be more 
harm done by sulphurous acid first by | 
acting as a deoxydizer, and next by} 
acting, if we may so speak, as sulphuric | 
acid into which it is converted. Of this, | 
however, I know no evidence ; but the 

reeption of sulphurous acid being 
eener and more immediate may favor 
the supposition, and a not uncommon 
belief that it does more harm may be 
founded on better evidence than I can 
find for myself. 

Allowing for the time that when the 
uantities are small the relative activi- 
ties of the gases approach each other, I 
am inclined to go back to a proposal 
made some time ago in a former report, 
that the condition of the air of a place 
ought to be estimated before allowing a 
chemical work to be established. 

If an atmosphere is made to contain 
1,000 grains of sulphuric acid per million 
cubic feet when there are ten works in the! 








| eleventh ? 


‘community, say in half a square mile or 
|any other space, it cannot be expected 
to contain air of the same amount of 
purity when there are eleven works in 
the space, unless the eleventh work gives 
out no emanation whatever. But if this 
absolute purity is not found in the ten, 
why should it be expected in the 
The expectation is simply 
irrational; and as places increase in 
manufacturing industry the air becomes 
less pure unless the processes are im- 
proved. If the processes do not improve 
the community must either prevent in- 
crease or suffer more inconvenience by 
increase. 

This reasoning is childishly simple, 
but it is not the less needful to write it 
down, since the complaints continually 
increase with the increase of works, and 
the increase of works is not only per- 
mitted, but for national as well as pri- 
vate purposes desired. 


We have not yet looked the matter 
with the greatest fullnes in the face. If 
we are determined to keep towns to a 
certain standard of purity we must make 
the standard : if we keep only the works 
themselves to a standard, then the num- 
ber of works must not increase, for then 
the relation of the air of the town to the 
standard would be altered. It has been 
shown, as I believe, in my reports, that 
a chemical standard may with great ease 
be obtained, but it is one which the 
community does not fully appreciate, 
and it is left in the hands of few ; but 
there is one standard known to all, and 
that is vegetation. This is the most 
watchful of all inspectors, and the most 
accurate, and it only requires to be 
brought into scientific order to be made 
suitable for constant reference. 


It may be taken for granted that 
where trees flourish, there also man is 
uninjured by acids such as are given 
out by chemical works. I say it may be 
taken for granted at present, but it is 
only because we know little, and it may 
be that the influences are hurtful to 
some extent to men whenever trees 
suffer. But this we know, that trees 
may die in an atmosphere tainted by 
the acids alluded to when men generally 
are not sensible of inconvenience. The 
effect on vegetation, therefore, is more 
striking than upon human beings. The 
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number of circumstances that influence 
the death rate is great. 


However, I wish to say that we have| 


the matter in our hands; we can esti- 
mate the condition of an atmosphere in 
its relation to acids by the vegetation, 
but we can estimate it also by chemical 
methods : and if we allow it to go out 
of order we must not only blame the 
works, but ourselves who allowed the 
works ; and if we cannot prevent them 
we must either submit or fix the standard 
for them. The standard for the works 
is not of so much importance as the 
standard for the district, so that at 
present our acts are in a very infantile 
state. It is little matter how much is 
given out by any work if the district is 
not injured, and it might happen, when 
the work was small, that a great propor- 
tion would be after all a trifle, but when 
many works exist a small proportion 
would of itself be a great evil. I have 
reasoned more or less in this way re- 
peatedly, but I know that we are not 
quite ready for legislation embodying all 
these ideas, we shall probably be pre- 
pared before that time comes when our 
works decay, and the desire to keep 
them in order shall give way to the 
hope of keeping them in existence. The 
progress of the community and of chemi- 
cal manufactures must go on together, 
and it may be considered certain that 
prosperity will endure more pressure, 
since prosperous men are more ready to 
complain and more able also to remove 
cause of complaint. 


The results of inspection of No. 1 Dis- 
trict as sent by Mr. Fletcher are very 
satisfactory, although there have been 
considerable complaints. The works are 
in many cases unfortunately situated in 
relation to trees and pleasure grounds, 
and it is difficult to say what the result 
of the increased power of attention will 
be. However, if the manufactures in- 
crease in numbers and in magnitude as 
they have done, it will perhaps not be 
possible to do more than to keep pace 
with them and prevent more mischief. 
I hope this state will be reached. If 
there should be a difficulty, the great 
question, who gains most, the community 
or the individual, will to a certainty: be 
settled by the greater power, but in 
doing this the rights of the smaller can- 


| not be forgotten. I need not repeat 
| what I have before said on damages. 


* * * * * 


Some successful efforts have lately 
been made in St. Helen’s to improve the 
appliances for condensing muriatic acid, 
and preventing its escape. The princi- 
pal are Mr. Gamble’s salt-cake furnace, 
the introduction of thin glass pipes for 
the conveyance of hot acid gases, and 





the use of improved hoods over the 
| charging doors of salt-cake furnaces. 

Mr. Gamble’s salt-cake furnace is a 
close roaster or muffle furnace heated by 
gas, and so arranged that the pressure 
in the combustion spaces is greater than 
that inside the muffle or inner chamber 
where the salt-cake is roasted. The 
consequence of this is, that if there are 
any cracks or leaky places, either in the 
middle arch or in the bed, the passage of 
air is not from the roasting bed into the 
fire flues and thence to the chimney, but 
from the fire flues to the roasting bed 
and thence to the muriatic acid con- 
densers. By careful adjustment of the 
damper in the flue leading to the chimney 
the pressures on the inside and on the 
outside of the middle arch can be made 
so nearly equal that there is very little 
passage of gas in either direction, even 
if the brickwork is somewhat leaky. 
This increased pressure in the combustion 
chambers of the furnace is kept up by 
admitting the gas under pressure from a 
“producer” as commonly constructed, 
and by admitting the air necessary for 
its combustion through a nest of vertical 
iron pipes nine feet long. These are 
warmed by the waste heat from the fur- 
nace. In this way a saving of heat is 
effected, and the ascending force of a 
nine-feet column of hot air is gained. 

Mr. Gamble has erected three of these 
furnaces ; one of them has been at work 
for two years, and has required no re- 
pairs during that time. 

The expense of fuel is said to be the 
same as in the case of a close furnace 
fired direct. 

The thin glass pipes for conveying hot 
muriatic acid gas have been well tried in 
St. Helen’s, and show many advantages 
over the earthenware ones, in that they 
do not crack so readily with the heat, 
and cool the gases more effectually. 














They have been used for conveying gas 
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both from the decomposing pots and 
from the close roasters. 

One range that has been at work for 
many months, was exposed during the 
winter to both snow and rain, there was 
no roof over it. Experiments have been 
made to ascertain the rate of covling 
per yard of pipe. Two ranges of pipes 
each 100 yards long were vant nat § the 
temperature at the hot end was 310°, 
that at the cooler end 134° Fahrenheit, 
showing that the cooling went on at the 
rate of 0.59° Fahreuheit per foot. This 
would depend on the quantity of gas 
passing, of course. The temperature of 
the day was 45°. The quantity of acid 
condensing in the pipes was not great, 
when however a fine jet of water was in- 
troduced at the hot end, two-thirds of 
the acid was condensed.” 

Mr. Kynaston of St. Helen’s says: 
“ My experience with the glass pipes for 
the conveyance of hydrochloric acid has 
been very satisfactory. We use them 


for the conveyance of both pot and 
roaster gas from close furnaces, and 
they will stand the alternations of heat- 
ing and cooling better than any earthen- 
ware pipes we have tried, whilst their 


cost is not greater per yard than earthen- 
ware pipes of the best quality. We 
have now at work several lengths of 
pipe which have been in almost constant 
use since May last. I believe that glass 
pipes will be eventually used to the ex- 
clusion of all others for the horizontal 
portion of the range for conveying mu- 
riatic acid from close furnaces.’ 

Mr. Hazlehurst has not had so much 
experience with them, but has the same 
opinion, mentioning that the fixing must 


be made carefully to prevent breakage. | 


My own observations are most favorable 
to them, and as every chemist, and we 
may say every person knows, glass will 
not allow the passage of fumes; and 
when earthenware pipes are found fuming 
along the whole length, these glass pipes 
are found without a trace of gas around 
them. The junctions, however, may 
leak exactly as the junctions of the 
other pipes. These junctions can be 
cured when the pipes themselves cannot. 

Hoods—At the Bridgewater works St. 
Helen’s, large wooden hoods have been 
erected over the charging doors of the 
salt-cake furnaces. A flue leads from 
the top of the hood to a smoke culvert, 


so that any escaping vapor is drawn to 
the chimney. ese hoods are much 
larger than those which have been used 
before, they measure 14 feet by 7 feet at 
the bottom, and are 18 feet high. The 
flue to draw off the vapor from the point 
of the conical hood is 18 inches square. 
They answer the purpose much better 
than the smaller hoods which have hith- 
erto been tried, and keep the sheds very 
free from muriatic acid gas. The quan- 
tity of acid which rises from a charge of 
salt-cake is however very small when 
spoken of as a per-centage of that origi- 
nally contained in the salt. Since the 
erection of these hoods Mr. Fletcher has 
measured it, and found it to be on one 
occasion rts of one per cent., at another 
time it was vs of a per cent. 

Hoods hitherto have been of little 
value for want simply of magnitude, 
and we must thank Mr. Leather for this 
improvement. His hoods have one fault, 
but it is more of principle than practice. 
The draught from the hoods is into the 
chimney, it would be better into the 
condenser. The current however of gas 
is so small that it does not affect the 
chimney perceptibly, although it would 
be disagreeable to those standing near 
at the time of its escape from the fur- . 
nace into the air at the usual level of 
the human head. 

ESTIMATION OF NITRIC ACID. 

The removal of the acids from the air 
before it escapes from the chambers, is 
of the highest importance to the manu- 
facture, and it is equally so to the public. 
The use of Gay Lussac’s tower and 
other precautions seem to retain the ni- 
trous fumes to an extefit which in many 
cases must be called quite as much as 
can be desired. The best mode of esti- 
mating the escape has been considered, 
‘and many experiments tried. A _ list 
follows of results after collecting in 
'water and in bi-chromate of potash. 
|When the amounts are small these 
_methods may be sufficient, and if taken 
out by the flexible aspirator and skaken 
along with the solution, there is no im- 
portant loss, otherwise it is appreciable ; 
and when the density of the fumes is 
great, the loss is also great, and such as 
would render the analyses of little value. 

The method which hitherto has proved 
itself the most rapid is by the use of per- 
oxyde of hydrogen. 
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When red nitrous fumes are passed in- ‘new ideas regarding condensation, and I 
|expected this ang to report some — 
'gress that mig ere 


to it they disappear at once, care being 
taken that the amount of peroxyde is 
sufficient, and the speed of passage not 
too great. If the amount should be very 
great, the use of the flexible aspirator, 
and of shaking, a method so frequently 
spoken of, finishes the process of absorp- 
tion in a few seconds. Permanganates 
will act also, but they introduce colored 
bodies. 


When the amount of nitrous gases is) 


examined in this way, the estimation is 
the same of course as for nitric acid, in 
other words the oxydes are converted 
into the higher oxyde. 


process. 

It is important to have a ready mode 
of deciding the amount of this acid, and 
many have been tried. It is necessary 
for us that the manipulation should not 
be great The indigo process I had given 
up as a failure in very early days, but it 
was ag: tried at the wish of my assist- 
ant, Mr. Gillespie, with the following re- 
sults. The presence of organic matter 
destroys all confidence, and in chimneys 
there is usually sufficient from the coal. 

The nitric acid was reduced by means 
of zinc and sulphuric acid ; the sulphuric 
acid, diluted, was added in portions at a 
time, so that a brisk evolution of hydro- 

en was given off for about two hours. 

e ammonia formed was determined by 
Nessler’s solution, without distillation, 
after making a portion of the acid liquid 
somewhat alkaline with caustic soda, 
and removing the precipitated zinc 
oxyde. The amount of ammonia in the 
re-agents used must be taken into ac- 
count by making a blank experiment 
with them. 

This may be a satisfactory process for 
rapid work, but it is not exact. When 
great exactness is required the ammonia 
must be distilled. An alkaline process, 
such as the Schulze-Wanklyn method, 
with aluminum is capable of wonderful 
refinement, but takes longer time than 
the above. 

The oxydes of nitrogen between the 
dioxyde and nitric acid oxydize sulphur- 
ous acid rapidly, nitric acid does not ; 
indeed in some cases it appears to pre- 
serve sulphurous acid. ‘ 

- APPARATUS FOR CONDENSATION. 

It is perhaps time for us to have some 





I have no results | 


from works by the peroxyde of hydrogen | 
air and the rapid cooling, as well as the 





t be important. 

are, however, a few indications to be 
given of the character of the progress 
attempted that may be of value. The 
patent of Messrs. Newall and Bowman 
has been alluded to, and I should have 
described it {more fully had it been 
carried out to its full extent. Instead of 
high tanks, the owners employ low 
chambers filled with a fine spray of 
water or weak acid ; when the gas is 
cooled to a certain extent it passes 
through tubes from the first to the sec- 
ond chamber as in the plan. The advan- 
tage of this is the great exposure to the 


rapid admixture of the gas with water. 
I hope soon to have a thorough account 
of its results, but I said so on a previous 
occasion. 

The first act will be to generate heat 
as usual, the thorough cooling in one ves- 
sel could not be attained with sufficient 
rapidity without adding more water 
than is desired, for this reason some of 
the gas is passed into a second vessel, 
becoming cooled partly on the way, and 
is subjected to another spray. The final 
act seems best performed in a condenser 
filled with coke, bricks, or some sub- 
stances which expose a large surface, 
the last form of the vapor seeming to re- 
quire this agency as chemists well 
know. 

The cooling of the gases presents 
many advantages. We then have only 
the heat of combination with water to 
deal with, and that is not subject to 
variations except so far as the acid varies 
in the amount of water, but the varia- 
tion will be very regular. Another idea, 
however, is that it may be better to add 
the water of condensation to the warm 
gases, because then more heat will be 
generated at a time and the greater the 
amount of heat the more rapid will be 
the cooling. The objection to this may 
be that a high heat will weaken the 
acid, sending off a large portion of gas 
to be added to water at another stage ; 
if however, only a portion of the water 
were added at a time the great heat 
would not be attained. is latter 
method would seem to be the idea 
carried out in the plans shown. If the 
heat could be got rid of in tubes instead 
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of in towers or cisterns the speed would 
be still greater, and the use of tubes 
seems to be the favorite method adopted 
when the Hargreave’s process of decom- 
posing salt is employed. This process 
consists in decomposing common salt by 
means of the sulphurous acid direct 
from the sulphur kilns or burners, along 
with a certain amount of air and vapor 
of water. The heat is great as the whole 
of that caused by the combustion of the 
sulphur and iron of the iron pyrites, as 
well as that of combination must pass 
together through the condensing appara- 
tus. This large amount of heat has 
caused a demand for more cooling, and 
this is found to be attained by numerous 
tubes. I have obtained a photograph of 
those at the Runcorn Soap and Alkali 
works. There are two long stone cis- 
terns connected by 18 sets of tubes, 
each set going up and down five times, 
so that the cooling surface is very large 
indeed. The gases go finally through 
the standing tower. In order to assist 
the gases through this long series a 
Root’s blower is used which works in the 
acid at a heat high enough to prevent 
its destruction or at least its rapid wear. 
The length of cooling pipes used in the 
manufacture of acid generally, may be 
said to be constantly increasing, and al- 
though I have mentioned this system of 
pipes in connection with the Hargreave’s 
ogee I must not forget that one set 

as been in action some years at Mr. 
Gamble’s and one at the Netham works, 
having been erected by Mr. Philip 
Worsley, for the ordinary purpose of 
condensation where common salt is de- 
composed. 

A plan by J. Mather has lately been 
proposed ; it consists of a series of 
troughs. Air which has been compress- 
ed, and then I suppose allowed to cool 
to the ordinary temperature of the at- 
se is driven in by the tubes 
marked H. At the same time it raises 
the water or weak acid into fine spray, 
as it is driven in by violence. The 
apparatus is said to be used either verti- 
cally or horizontally. I do not sufficient- 
ly know the amount of pressure and its 
influence, as the apparatus is not in use, 
so as to be able to judge of the cooling 
on one hand and the resistance on the 
other, but, so far as I know, the idea of 
sending in cold so as to absorb at once 
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the heat of combination is a novel one, 
and its success must entirely depend on 
the price of cold. I have made inquiries 
into this subject, but the question seems 
still unsettled which is the best cooling 
apparatus. So far, however, as I can 
find, the cooling by expansion does not 
promise to be cheap. The range from 
the ordinary temperature to boiling, say 
60 to 212 is 152° F., or from 15°.5 to 
100° C, is 84.5, whilst the range from 60 
F. to freezing, or 15°.5 to freezing in- 
cluding the latent heat is 170° or 95° C. 
It will therefore take not far from a ton 
of ice to absorb the heat required to 
raise the same amount of water to boil- 
ing. The manufacture of nearly a ton 
of ice, or its equivalent in cold, so to 
speak, by the expanding engine would 
be a rather troublesome process if as I 
suppose something like half the heat of 
combination must be got rid of arti- 
ficially. Even that isenough from a ton 
of salt to raise the temperature of a ton 
and a half of water from 60 to boiling. 
There is also the heat of the gas besides. 
It may also be remembered that increase 
of air is not in favor of condensation of 
gases for mechanical reasons. 

As to cooling before condensation, a 
= deal has been said on this point. 

must mention a plan by Mr. Steele at 
Runcorn ; he passes the tubes through a 


cistern of water and the rapidity of 


cooling is great. It is found that 24 
feet lower the temperature of the gas of 
one furnace from 478° F, to 362° or 116° 
F. = 64.4° C., or 4.5° F., or 2.8° C. per 
foot. 

There can be no doubt that cooling is 
best effected in narrow vessels or chan- 
nels, with large external surfaces in pro- 
portion to the capacity, but when I bring 
forward these facts, I do not at all mean 
to say that the towers have failed. In- 
deed, I know no better condensation 
than is made quietly in one tower for a 
pan and furnace, but the work done is 
not excessive and the cooling of the 
tower is therefore sufficient. An increase 
in the quantity, efficiency, or rapidity of 
the work demands new appliances. 

Let us take an example of actual con- 
densation with ordinary towers. In a 
work at St. Helens 11 cwt. of salt are 
used every two hours = 132 cwt. in 24 
hours, and containing, as it is not quite 
pure, 57.7 per cent. in 76.164 cwt. of 
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dry HCl=253.88 cwt. or 12.694 tons of 
acid of 30 per cent. and 1.155, specific 
gravity. 

A stone tank is near the pan and 
roaster, into which some acid falls at 
46° C.; about 4rd cubic foot of 1.42 
specific gravity, when cool is found here. 
It is very impure. No. 2 tank contains 
48.1 cubic feet of acid of 31 per cent. 
and 32° C., or 1.543 tons. 

The tower is reached by acid gas of 
60° C. or 140° F., and from it, after 
water of the ordinary temperature is 


From the pot 
From the roaster 
From the outlet to tower 


In another experiment : 


From the roaster 

From the outlet to tower 

Temperature of gas from pot 
Temperature of gas from furnace 
Temperature of gas from entering tower 


It is clear that the smallness of the 
condensation is not due to the want of 
cooling only, if at all, but to the want 
of water. The roaster vapor in the 
first experiment has only 12.6 per cent. 
of water vapor instead of 70, and the 
outlet has almost the same, viz. 15 per 
cent. The supply of water is given in 
the tower, and the heat of combination 
and condensation are envolved there. 
We should expect every experiment to 
differ according to the state of the 
charge. 

This points to modes of condensing 
alluded to where the large tower which 
does not so easily part with its heat is 
displaced by small vessels. 

ne may believe it quite possible to 
get rid of the heat of combination much 
earlier by still smaller vessels than any 
one uses, and more frequent supply of 
water, or one may suppose only the 
tubes to be used and supplied at frequent 
intervals with moisture. In some such 
direction we must seek for condensation 
in a shorter space and in a more inex- 
pensive as well as effective manner. 

At the same time it must be confessed 
that the success is not to be had in a 
moment. It will be seen that the amount 
of water along with the gas is not quite 








supplied, there are about 400 cubic feet 
of acid of 29 per cent. and of a tempera- 
ture of 54.5° C. 

It is seen that even if the temperature 
is reduced to 60° C. the amount condens- 
ed without adding water is only one- 
eighth of the whole, and the tempera- 
ture must rise in the tower higher than 
54.5°, but how much in the centre is not 
clear, probably only a few degrees above 
the issuing acid. 

The gases were found to contain grains 
in a cubic foot— 


Grammes per C. Met. 

Water. Acid. Water. Acid. 
484.72 660.69 1109.27 1511.9 
19.38 133.07 44.35 304.5 
22.66 128.20 51.86 293.4 


Water. Hydrochloric acid. 
146 


1. 
16. 


regular ; this might be got over as it is 
always small, and must be from the very 
nature of the usual process. The tower 
in its capacious interior equalizes all by 
holding water and gas for some time to- 
gether, and it would seem that a tower 
must finish the process so far as we 
know. This irregularity and consequent 
difficulties do not occur with the Har- 
greaves process. 


EFFECT OF ACID VAPORS ON HEALTH. 


In my last report I gave a chapter on 
the effect of gases from alkali works on 
human health, and after saying that the 
information was meagre but all I could 
find, I came to the conclusion, sufficient- 
ly temperate in expression. 

“T should infer from this that zymotic 
diseases and lung diseases are not re- 
moved by the gases of chemical works, 
but that none of the places exposed to 
them are so much affected (i.¢., by these 
diseases) as the dense parts of the cities.” 

The general conclusion is that gases 
from chemical works are hurtful to the 
health, but are neither the worst causes 
as some have supposed on the one hand, 
nor are they the disinfecting or curative 
ng which some have supposed on the 
other. , 
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I shall not go into details of objections 
to my conclusions because I think this is 
not a proper place to maintain public 
discussions, and so little bigotry have I 
in the matter, that I do not care if I am 
proved to be wrong by a large amount 
of information than I have obtained. I 
should by no means think this a disgrace, 
because the subject cannot be begun 
with correct conclusions but must gradu- 
ally unfold itself, probably with many 
rises and falls. I grant that it may be 





wrong to draw any very decided infer- 


ence from the statistics of South Shields, 
unless manipulated with great exactness. 
This process, however, produces in itself 
frequent uncertainties and suspicions, 
and I do not enter upon it. I can, how- 
ever, readily believe that the population 
of a seaport is exceedingly difficult to 
bring under exact rule. ith the full 
belief that I shall again be held as bring- 
ing out meagre statistics, I shall produce 
some from a district of all others most 
exposed to the fumes from alkali 
works. 


Deatus IN 1,000 Deatus at WipNEs FoR Five YEARS ENDING SEPTEMBER 12TH, 
1873, AND IN ALL ENGLAND 1869-1872. 





Widnes. 


England. 





Five Years. 


In 1872. 


1872. 1869. 1870. 





Phthisis 
Bronchitis 


BE. conssveccesees 


Pneumonia 


Lurtg 

Scarlet fever and scarlatina 
Whooping cough. 
Small-pox........ ees AS. 


106.106 
91.369 
3.405 
46.427 
7.619 
9.959 
63.672 
23.285 
5.126 


106.422 
89.346 
3.374 
51.401 
7.541 
10.009 
56.279 
22.327 
3.186 


107.619 
87.489 
3.135 
41.505 
6.100 
9.964 
24.397 
28.253 
39.074 


3.191 
44.567 

6.884 
10.359 
36.344 
20.279 
45.268 











349.885 | 356.968 | 364.715 











317.536 








Now I do not care to draw conclusions 
wholesale, but two points strike me as 


interesting. 1st. That bronchitis cannot 
be considered high, being less than in 
1872 for all England, which year had 
not a very large amount. 2d. That 
scarlet fever, which gases might be sup- 
posed to disinfect, is very high whilst 
whooping cough, which the gases when 
strong are supposed to cure, islow. As 
to the general health I do not think five 
ears of such a population as that of 

idnes to be a standard for reasoning 
from ; it is frequently changing ; there 
are many young people moving to it for 
work, or leaving when work is slack, 
and one can best judge from the charac- 
ter of the complaints incident to the 
place from those diseases which attack 








people who are not mere weaklings. 
I ought not to forget that my collea- | 
gues, inspectors for the separate district, | 
ave aright to have their opinions re-| 


corded. Mr. Fletcher tells me that 
about two years after the passing of the 
Act, two proprietors, or their agents, 
showed him trees that had been marked 
for felling, but from their revivel were 
retained, and in one of the districts at 
least are now flourishing. He mentions 
also a large estate which he considers to 
have been saved by the Act, and it cer- 
tainly is my opinion that the trees must 
have gone to destruction long ago had 
the Act not existed, even without the 
increase of works, but most certainly 
with it. Mr. Fletcher says also that the 
farmers round St. Helens have not com- 
plained of muriatic acid lately, but the 
chief complaints have been caused by 
sulphuretted hydrogen. I am not dis- 
posed to speak quite so favorably as he 
does to acid, but on one point I fully 
agree, that “ people have forgotten how 
bad it was before the passing of the Act 
of 1863.” 
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This Report takes no notice of any- 
thing done under the Act of 1874. That 
Act has caused several fresh plans to 
grow up; some only have been alluded 
to. A plan for drawing all the gases 


from close roasters through a condens- 
ing system with lime to finish with, a 
fan being the agent at the extremity, 
and quite free from any of the gases, is 
one that I am desirous of seeing tried. 





THE SALTPETRE DEPOSITS OF PERU. 
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Tue country wherein lies the industry 
I propose to describe in this paper, is 
situated on the West Coast of South 
America, and belongs to that part known 
as the Costa Seca or Dry Coast, being 
the slip of land comprised between the 
4th and 40th degrees S. latitude, and 
which, measured from the River Tum- 
bez, the Southern boundary of the re- 
public of Equador, to Valdivia in Chile, 
embraces, within a length of over 2,400 
miles, the entire seaboard of Peru, Boli- 
via, and part of Chile. Over this con- 
siderable extent of sea coast no rain falls 
to modify the parched appearance of the 
soil, and no humidity is obtained from 
the heavens beyond that acquired from 
the condensation of the fogs which en- 
velope the coast: during the winter 
months. With the rare exception of a 
shower of rain occurring once or twice 
in the year, the cultivator is dependent 
upon the scanty supply of water afforded 
by the rivers which derive their origin 
from the rains and snows which fall but 
moderately on the western slopes of the 
lofty Cordilleras. Thus the coast can be 
briefly described as consisting of a suc- 
cession of valleys of great fertility, sepa- 
rated by arid wastes of high ground of 
immense extent. 

The section with which I am at 
present dealing lies at the southern ex- 
tremity of Peru, and though saltpetre 
exists in small quantities in Bolivia, up 
to now it has only been worked in the 
former country, in the province of Tara- 
pacca, — more familiarly known 
as the district lying inland of the ports 
of Patillos, Iquique, Mexillones, and 
Pisagua. ‘The coast between these ports 
presents seawards a precipitous front, 
with its cliffs rising to a height of from 
1,000 to 3,000 feet from the water. 
‘These cliffs have but little slope ; there- 





fore, all road approaches are traced in a 
diagonal direction upon their face, or 
ascended by a series of reversing in- 
clined planes, of exceeding steepness, 
and perilous to the mules performing the 
transport service. 

From the summit of the coast cliffs 
the land rises with nearly an uniform 
ascent, proving to be, by the construc- 
tion of the Iquique and La Noria Rail- 


way, after deducting for the deviations - 


of the latter, a general inclination of 50’ 
until it reaches an elevated plateau 
known by the name of Pampa de Ta- 
marugal. This pampa, or extensive 
plain, is situated at an elevation of 3,440 
feet on its western side, and, extending 
southwards and northwards, measures 
about 300 miles in length, and from 30 
to 60 miles in breadth. The surface is 
perfectly smooth, and appears level to 
the eye, but in reality it rises slightly in 
an easterly direction towards the Cordil- 
lera. Its surface is covered in some 
places by a cap of alluvial soil, but more 
generally consists of a finely granulated 
sand, which is raised by the slightest 
breath, and by a heavy wind is carried 
over the plains in broad thick clouds, 
which obscure the horizon, and bilnd the 
traveler with their dust. On still days 
curious conical-shaped clouds, resembling 
water-spouts, may be seen rising up in 
all parts of the plain, produced no doubt 
by the rotary motion which must occur 
at the meeting of two opposing currents 
of air. Then a tremulous motion is ob- 
served when the eye scans the horizon, 
and this is caused by the ascent and de- 
scent at one and the same time of layers 
of air at different temperatures—the 
cool coming down, the warm going up. 
At different points the horizon is broken 
by patches of tree; these trees are called 
“algarovas,” and their wood is hard and 
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brown, not unlike English oak. They 
seldom grow in this locality to any con- 
siderable height. The deposit of roots 
belonging to this tree, to be found near- 
ly all over the pampa, indicate the exist- 
ence in former days of an immense for- 
est, and the traditions of the place ex- 
plain that formerly wood was the only 
fuel used in the reduction of the salt- 
petre and other minerals in which the 
province abounds. The algarova requires 
but little moisture, and subsists on the 
humidity which it absorbs from the at- 
mosphere. 

The mineral containing saltpetre is 
called “caliche.” Caliche generally lies 
at depths of from one to ten yards be- 
low the surface, and sometimes resembles 
in appearance loaf sugar, and at others 
rock sulphur; and again it appears 
white, crossed with bluish veins. Its 
gravity varies from that of common salt 
to sandstone (2.41 average), according 
to the amount and nature of earthy mat- 
ters it may be allied with. The nitrate 
portion dissolves freely in boiling water, 
leaving behind as a residuum the earthy 
substances. The custom is to boil it at 


a temperature of from 220 to 240 de- 


grees Fahrenheit. This valuable mineral 
is found beneath a covering of calcareous 
earth, generally assuming the appearance 
of half-formed sandstone, when it is ser- 
viceable for building purposes. A shaft, 
or hole, sufficiently wide to permit of the 
passage of a man, is sunk through this 
cap as far as the under side of the caliche, 
at which point the underlying earth is| 
dug out in a circle for several feet. The 
chamber thus formed is charged with | 
gunpowder (manufactured in the dis- 
trict), and on being fired the result is to 
disengage and throw up to the surface 
the subterranean caliche, which is picked | 
out by hand and stacked up in heaps at| 
some convenient point, whence it is con- 
veyed in carts, capable of holding about 
a.couple of tons, to the “oficina,” or 
manufactory. Considerable skill is re- 
quired in selecting the points where to 
begin mining operations, and it frequent- 
ly occurs that large sums of money are 
paid for lands which on being worked | 
prove to be worthless, either on account 
of the scarcity of the caliche, its bad 
quality, or its great depth beneath the 
surface. These losses are sustained on 


perienced of obtaining labor or tools in 
a country so inhospitable in its resources, 
and possessing no real indigenous popu- 

the caliche is 


lation. 

At the manufactor 
broken up, either by as labor or by 
steam crushers, into cubes capable of 
passing through a 1} inch ring. Blake’s 

atent crusher, manufactured by Messrs. 

arsden, of Leeds, has of late years 
been used in several manufactories, and 
would, I have no doubt, be more gener- 
|ally employed for this purpose, were the 
| body of the machine made in sections to 
facilitate its transport, instead of being 
in one massive block weighing several 
tons. 

In the old method of extracting the 
‘nitrate from the caliche, the broken 
| caliche is shoveled into the boiling pan, 
which is placed over a fire. After from 
six te eight hours’ boiling in a liquid 
composed of fresh water and the liquid 
remainder of a former boil—called agua 
vieja, or “ old water”—the nitrate of the 
caliche is dissolved and forms part of the 
solution, which by means of a ladle is 
transferred to a pan, where it deposits its 
nitrate. In this process the caliche is 
boiled at a low temperature, and the salt 
is supposed to remain in the refuse. 
Great waste attends the operation of dis- 
solving at a low temperature, which can 
not well be avoided by using the direct 
fire employed at the paradas, and it is 
estimated that in some cases some 30 per 
cent. of nitrate is thrown away with the 
refuse, or, as it is called there, ripia. 
The water is lifted up from wells in buck- 
ets attached to ropes working round a 
drum, which is placed on a vertical shaft 
and made to revoive by a mule drawing 
round itscircumference. Thus no steam 
power is employed in this process. The 
increasing demand for nitrate caused 
the introduction of improved plant for 
its elaboration, and now all the important 
manufactories are worked by steam- 
power. 

The improved form of cachucha, or 
boiling-tank, is either opened or closed, 
and the heating agency is steam, intro- 
duced at the bottom of the tank by 
means of a steam-coil. The coil is usu- 
ally placed beneath a perforated false 
bottom, thereby allowing the heated 
vapor to circulate through the caliche 








account of the difficulty sometimes ex- 


lying immediately above. Sometimes an 
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additional coil is run directly through 
the caliche. 

Great diversity of opinion exists among 
saltpetre manufacturers upon the most 
economical form of cachucha. Some 
advocate the closed cachucha, which in 
every respect may be compared to a 
steam chest, because they maintain that, 
the steam being enclosed, there is no 
waste of heat, and consequently an econo- 
my is effected in coal. Their opponents 
assert that the steam in the cachucha 
condenses, and thereby weakens the so- 
lution, and that it prevents a most im- 
portant operation—the stirring up of 
the matter during the boiling. On the 
other hand, the open cachucha allows the 
steam which has passed through the 
caliche, and done its duty, to escape into 
the air, and enables the attendants, dur- 
ing the entire boiling, to constantly turn 
over the caliche, thereby enabling the 
heat to penetrate into every crevice of 
the mass. The result is to extract more 
nitrate from the caliche, and less is 
thrown away in the ripia; hence, by this 
latter system, an economy is effected in 
caliche, which more than balances the 
extra consumption of fuel. 

In the closed cachucha the caliche is 
first placed in boxes made of perforated 
iron plating, which are mounted on 
wheels, and are pushed along a tramway 
into the cachucha. To overcome the 
difficulty of stirring up the mass, boxes 
have been made of a circular shape, and 
capable of revolving on their standards 
when locked to an axle when worked by 
a wheel on the outside. This plan, how- 
ever, proved a failure, on account of the 
accumulation of insoluble matter at the 
bottom of the cachucha, which complete- 
ly wedged in the boxes, and the attempt 
to give the latter a rotary motion could 
only have been done at the risk of break- 
ing the couplings and damaging the 
boxes themselves. This plan might be 
carried out by making the plant strong- 
er, and by allowing adequate space for 
the insoluble matter which escapes from 
the boxes ; but then that would be ob- 
jectionable, on account of the large steam 
space it would afford in. the cachucha, 
and the consequent impoverishment of 
the solution through the condensation of 
the steam. 

There are other forms, known as egg- 
shaped cachuchas, owing to their simi- 





larity in form to an egg placed on its 
smaller end. These offer great facilities 
in the operation of charging and dis- 
charging the material. The caliche is 
conducted over a road to their upper 
part, and shot down. After being boiled, 
the solution is tapped, and the refuse al- 
lowed to fall into trucks placed beneath, 
which convey it to the spoil bank. The 
chief disadvantage of these cachuchas 
consists in the necessity of having at 
command considerable height for the ap- 
proach road, and consequently they are 
chiefly used at those places where an ad- 
joining hill affords that height, the manu- 
factory being built at its base. - Where 
no hill is available, the trucks may be 
raised on an inclined plane. 

Chemists interested in the trade have 
of late been engaged in searching for a 
method of extracting iodine from caliche, 
but as the operation is known but to a 
few, and when known kept a dead secret, 
the author does not propose to touch 
further upon this subject. 

The labor required for the different 
operations attendant on the production 
of nitrate is chiefly supplied by Boli- 
vians. Great numbers of these people 
annually cross the Cordilleras, npr | 
with them their wives and children, an 
offer themselves for hire at the saltpetre 
establishments, They earn from one to 
two dollars per day, and perform their 
work well, and they are much esteemed 
by the manufacturer for their docile 
disposition and readiness to obey orders. 
Their migratory habits never allow them 
to remain long in one locality ; they re- 
main perhaps six or twelve months, then 
leave in a tribe, to go to some adjacent 
establishment. Chinese coolies are em- 
ployed at some places, but their feeble 
strength, and lack of physique, remder 
them incapable of performing the hard 
work of mining, and the rough duties at- 
tendant upon this manufacture. 

Mechanics, bricklayers, carpenters, 
and skilled artisans of any description 
command high wages in this district ; 
and the manufacturers can well afford to 
pay them highly, as they calculate upon 
at least 50 per cent. of the wages re- 
turning to their pockets, by the sale of 
provisions and commodities of every de- 
scription, of which they are the sole pur- 
veyors (the truck system). 

elow is a copy of the balance-sheet 
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of the working of an oficina, which may 
be taken to show a fair average of the 
profits made in prosperous times by 
careful management : 


March, 1873. 
DISBURSEMENTS. 


Elaboration 


Soles. 


7,680 
Coal, 2,300 quintals, at 1.5 soles 3,450 
1 800 


Provisions 
House and office 
Repairs and loss 
Gross profit 


. Sale of 14,000 quintals of nitrate, 
at 1.10 soles per quintal 
Item provisions 


In this case the nitrate was delivered 
at the-manufactory, from whence it had 
to be conveyed to the port by the pur- 
chaser, either by rail or by mules. 

The cost of conveyance by mule ser- 
vice is fixed according to the distance of 
the manufactory from the port. Thus 
from La Noria to Iquique the price is 
from 5 to6 reals (Peruvian), and from 
other oficinas half the distance from the 
port the price is only half that amount. 
A good mule will carry three quintals, 
the usual load is two down to the port, 
and one-and-a-half up loaded with coal 
or provisions. Frequently the mules 
have to perform the journey there and 
back, some 28 miles each way, without 
touching water, owing to the total ab- 
sence of that element in its natural state. 
For the use of the inhabitants sea water 
is condensed, but when the machines 
fail, and there is a scarcity, the price is 
too high to give drink to the mules ; two 
cents per gallon is the price paid at 
Iquique for condensed water, and some- 
times as much as four is paid. 

The construction of the Iquique and 
La Noria Railway did much to take the 
transport away from the mules, but it 
did not entirely succeed in doing so, 
owing to its inability to convey the 
enormous quantity of saltpetre daily 
brought down. e line starts in a 
northerly direction from the port, making 
towards the coast-cliffs, which it reaches 
ata distance of three miles, and at an 





elevation of some 300 feet. From that 


point it reverses its direction to the 
north, and creeps up the hill side on an 
incline of three per cent. until it attains 
the summit of the coast-cliffs at the sta- 
tion called Mollo, which is situated at an 
elevation of 1,630 feet above the sea, 
and at a distance of ten miles from 
Iquique. 

From thence it follows a general di- 
rect course on to La Noria, winding itself 
round hill sides in curves of from 300 to 
500 feet radius, sometimes raising itself 
high above the surrounding country 
where the latter dips and assumes the 
shape of a bowl, over the extreme edge 
of which ‘the railway must necessarily 
pass, and at other times penetrating 
through deep cuttings of irregular por- 
phyritic rocks, clearly indicating the 
volcanic agency that must have occurred 
to have caused their displacement, until 
it reaches the district known as La Noria. 
Throughout, the railway is of the 4 84 
gauge. Where there were cuttings near, 
their debris supplied the fillings, and at 
other places trenches were dug at each 
side of the line. The chief want we ex- 
perienced was soft earth or sand to pack 
in the permanent way with, which was 
very scarce, owing to the hard nature of 
the surface of the ground. 

Though it is not proposed to give in 
this paper a detailed description of the 
railway, the points bearing on the trans- 
ports of saltpetre are set down as fol- 
lows : 

The grades between Iquique and La 
Noria vary from 3 to 5 per cent, and the 
up trains generally consist of the follow- 
ing loads : 

Eng. Tons. 
One Fairlie locomotive in running ~ 


Four American double bogie cars 
loaded, say 24 tons each.... 

One tank holding approximately 
2,000 gallons of water and its 
car, say 

One employé’s car..... 


The inequality of the traffic, the up 
traffic not amounting to a third of the 
down, necessitates the hauling up of 
empty cars. Thus trains of from 8 to 10 
empties are dispatched. The Fairlie en- 
= has done some good service on this 
ine, where it has shown its superiorit 


over that of the American type. I wi 
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compare the work done with ‘the theo- 
retical duty the Farlies should perform. 
The average speed up the line is about 
10 miles per hour, and loads up to 200 
tons, including the engine and water 
tank, are hauled up inclines of 1 in 22 
and even as steep as 1 in 20. Having 
the diameter of cylinder 15 inches, the 
stroke 22, and the driving-wheel 42 
inches in diameter, and a mean pressure 
in the cylinders of 100 lbs., the following 
formula expresses the theoretical tractive 
force of the engine in lbs : 
15° x 100 x 22 
42 
pair of engines, which must be multi- 
plied by 2 for the Fairlies, and which 
makes 23,570 Ibs. total tractive force. 
The resistance due to gravity would be 
2,240 
22 
friction say 10 lbs. The haulage force 
of the engine then is found thus : 
23,570 
102+10 
On the downward journey, as many as 
20 cars loaded with saltpetre have been 
lowered by these engines, but as the 
risk attendant upon the train breaking 
away is so considerable, the number has 
been reduced to 15 or 12, representing a 
total load of some 340 tons. Each car 
is loaded up to 264 quintals, or nearly 12 
English tons, and the bags are laid at 
each end, immediately over the bogie 
frames, leaving the middle part of the 
car empty. The price charged by the 
late company was 14 cents per quintal 
per mile, being the price allowed in the 
concession from the Government, thus 
taking the distance of the manufactory 
from the port, about 33 miles, the cost 
of conveyance would be five Peruvian 
reals pepe to 10 Spanish) per quin- 
tal. From an extract taken from Consul 
Hutchinson’s report on this trade, pub- 
lished in the Foreign-office Blue Book of 
Consular Reports for 1873, we learn 
that in eleven months of the year 1872 
the total export of nitrate from Iquique 
was 3,983,798 quintals, or 362,163 per 
month. Since then it has no doubt in- 
creased, but we will take only that 
amount which would correspond to over 
12,000 quintals, conveyed daily to the port. 
For 120,000 quintals, some 45 cars would be 


= 11,785 lbs. for a single 


= 102 lbs. per ton, and that due to 


=213 tons. 





required. Supposing the railway worked 
for a monopoly of both the up traffic 
(coal and provisions) and the down 
traffic, it could only approach such a 
monopoly with the following train ser- 
vice : 
Locomotives 
running 
per day. 
8 trains of provision and fuel cars, 
4 cars loaded and one empty. 
4 trains of 8 empty cars each.... 
2 trains of water tanks to supply 
the above, 8 tanks each. 


9 47 
; Water tanks 16 
This is only taking the up traffic to be 
one-fourth of the down ; most probably 
it would reach as much as one-third, if 
not more, were the railway to secure a 
monopoly, then a greater number of 
trains would be required. The late com- 
pany never possessed sufficient rolling- 
stock to attempt anything of this kind, 


and, in addition, they had, as the present 


company have, to contend with the wa- 
ter question, which, in the author’s 
opinion, would, were it to remain as at 
present, entirely prevent their securing 
a monopoly of the traffic. For working 
the first section, to Molle, the water is 
obtained from sea-water cleansed at 
Iquique, and for working the remainder 
of the line it is brought from a well in 
the interior in tanks to Molle, at an 
enormous cost. Until a proposed scheme 
for obtaining water from the interior, to 
be conveyed to the railway stations at 
Iquique through piping, is carried out, 
the railway company must continue to 
work under the great disadvantage enu- 
merated above. 

To show the large traffic returns which 
this important railway might, under 
certain conditions, earn, it is only 
necessary to refer to the amount of 
saltpetre shipped from the port of 
Iquique, in 1872, which approached 
4,000,000 of quintals. The entries would 
be then, assuming a monopoly : 

4,000,000 of quintals, at 5 reals, Soles. 

taken to port. ,000, 

Up traffic, consisting of coal, 

corn, hay, provisions, and ma- 
terial of all descriptions, say 
one-third of above, 1,333,333, 


at 5 reals 666,666 


Total of entries... 2,666,666 





THE SALTPETRE DEPOSITS OF PERU. 


329 





Or equivalent to a sum of over 583,333 
pounds sterling. 

The author refrains to touch upon the 
working expenses, for fear of acting in 
opposition to the directors’ wishes. 

There are at present some 3,000 to 
4,000 mules competing with the railway. 

This line, as well as that to Pisagua to 
Sal de Obispo, was constructed by a 
private firm of Peruvians, Messrs. Mon- 
tero Brothers, who are the owners of the 
property, and by whom it was worked 
until within the last five months. 

Whilst dealing with the conveyance 
of saltpetre to the port, I must not omit 
to mention an unsuccessful endeavor 
made by a company to convey down the 
nitrate in a liquid state through iron 
piping. The company which entertained 
this project was called “La Compania 
Salitera Barrenechea,” now, I understand, 
in liquidation. The objects the promo- 
ters proposed to obtain were, firstly, to 
avoid as much as possible the use of 
steam in the reduction of the mineral, 
and thereby secure an economy in coal. 
Secondly, to save the freight of convey- 
ance by rail or mule to the port. The 
first was sought (though I never visited 


the works at the mines), I believe by 
dissolving the caliche in vertical pans by 
passing cold water through it, resembling 


the process of filtration. The solution 
drawn from the bottom of the pan was 
pumped up to high ground (for the 
mines lay in a hollow), whence it ran 
down by gravitation through piping to 
the works at the port. 
place the solution was boiled in large 
circular pans, heated by a fire placed so 
as to spread over the entire bottom of 
the pan. The result of the first experi- 
ment may be easily anticipated. The 
solution, impregnated with the salts it 
held in suspension, soon began to precip- 
itate them, and a thick cake of nitrate 
and salt shortly collected at the bottom 
of the boilers, which were in consequence 
burnt, and rendered useless. Notwith- 
standing the wrong principles upon 
which the plant was designed, which the 
directors recognized, and which could 
have been remedied by an additional ex- 
penditure, the company apparently took 
no steps to modify these evils, and the 
real cause of their suspending their 
operations last September was, I under- 
stand, the fear they entertained as re- 


At the latter. 





gards the quality of their lands. With 
caliche containing a large percentage of 
common salt no profit is to be made by 
working it, either with this or another 
system, though, it must be understood, 
I do not give any opinion upon the 
nature of the mines in question. 

As regards the extent of land sup- 
posed to contain saltpetre, no formal 
measurement or survey has been made, 
for frequently land is supposed to con- 
tain nitrate which, on being opened, 
proves to be barren in that mineral. 

The lands round about La Noria were 
those first worked, and there remains 
very little “virgin land” left in that 
quarter. There are large spaces how- 
ever, left untouched on the Pampa di 
Tamarugal, and nitrate is supposed to 
exist all along the southern border of 
the pampa, between the points known as 
Pozo di Almonte and Sal de Obispo, 
which are marked upon the map. 

Numerous deposits are reported to 
exist in the south, where some oficinas 
have been opened, and a railway made 
to them from the port of Patillos, but 
for the reasons before stated, namely, 
for the want of a geological survey, it 
would be impossible to give any definite 
opinion as to the area of land containing - 
saltpetre or its quality. Large portions 
of land in the south are said to contain 
nothing but beds of common salt. 

I observe that Mr. Markham says, in 
his “Travels in Peru and India,” “it is 
calculated that the nitrate grounds in 
this district (Tarapaca) cover 50 square 
leagues, and, allowing 100 pounds 
weight of nitrate for each square yard, 
this will give 63,000,000 tons, which at 
the present rate of consumption will last 
for 1,393 years.” I cannot agree with 
Mr. Markham that the deposits cover so 
large an area as 450 square miles, but it 
might amount to 100, though that can 
only be a supposition, and no opinion 
can be made in reference to the quality 
of the nitrate. The estimate of one 
quintal to the square yard is too low in 
my opinion. I found, on having made 
an analysis of two specimens of caliche, 
they contained the following substances : 

ist SPECIMEN (WHITE). 


Nitrate of soda 
Common salt. 
Insoluble matters 
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2p SPECIMEN (YELLOW). 


The mineral is found in layers of from 
a few inches to three yards in thickness, 
and I think three quintals per yard of 
- surface is a fair average for land contain- 
ing nitrate in sufficient quantities to re- 

ay its working. Provided these lands 
in the south proved to be good, we may 
in that case assume a total area of 100 
square miles ; but otherwise, excluding 
these, it would not be safe to count upon 
more than one-third of that area, 100 
square miles at three quintals per square 
yard would give 42,240,000 tons, which 
at a consumption of 3,000,000 quintals 
per annum would last over three centu- 
ries. Allthese grounds have been claim- 
ed under the mining laws of the country 
by private individuals, and I believe the 
Government does not possess any of them 
at the present moment. 

I will now describe the physical feat- 
ures of the country upon which are based 
my suppositions as to the origin of these 
deposits. Ascending from the sea-board 
the cuttings in the railway bring to view 
rocks of porphyritic formation. Granite 
is seen in a state of decomposition cross- 
ed with veins of quartz, and in other 
places are beds of coal and sandstone. 
At the summit the railway cuts through 
a bed of white limestone resembling 
marble by the polish it will take, and for 
which rock it has been mistaken by 
many. To this coast range succeeds the 
vast plain of Tamarugal with its alluvial 
coating, and which extends some thirty 
miles to the foot of the second range of 
mountains, chiefly composed of sand- 
stone, and among which extinct volca- 
noes have been recognized. Another 
level plain intervenes between these lat- 
ter and the range of mountains known 
as the Cordillera proper, among which is 
situated the famos volcano “ Isluga.” 

Returning to the Pampa of Tamaru- 
gal, a ‘group of hills, ranging from 200 
to 500 feet above its level, borders its 
western extremity. On the slope of 
these hills lie the deposits of salpetre, 
and in no case has that mineral been 
found on the pampa itself On its east- 





ern side stands the second range of 
mountains already mentioned. ese 
mountains are pierced at frequent inter- 
vals by deep ravines, at the bottom of 
which small streams find their bed, but 
the uniform layers of boulders packed 
up on each side of the ravines leads the 
imagination to picture the large rivers, 
which at one time, no doubt, traveled 
down these channels on their way to 
water the wooded plains of the pampa. 
Upon entering the ravine of Tarapacé, 
two. leagues of ground covered with 
boulders have to be traversed, and a deep 
gully still can be traced in the neighbor- 
om which points out the course taken 
by a pre-historic river 

By one of those revolutions in nature, 


|the occurrences of which are proved by 


the researches of the geologist, the rains 
ceased to fall with their accustomed 
abundance, and have left, where former- 
ly were forests and grassy plains, noth- 
ing but an immense arid desert. But 
though the rains are now insufficient to 
form. themselves into rivers, they fall 
with regularity, and, being absorbed by 
the earth, they percolate through porous 
strata, to empty themselves into the 
natural reservoir beneath the surface of 
the pampa. Thus water may be seen 
jetting out in springs at the foot of the 
eastern range of mountains, where it is 
obtained in large quantities by the na- 
tives, by driving tunnels into the yellow 
sandstone which forms the foundation of 
the slope. The crust at this point is 
chiefly sand and a limestone having a 
very washed appearance, from which 
water is also obtained, but it does not 
repay the working, as it is soon dried 
out. 

At Pica there are two basins supplied 
with water in this manner, the one placed 
some fifteen feet above the other. The 
top one receives from its tunnel supplies 
of cold water, whilst the bottom receives , 
warm water (90° Fah.). At a point a 
quarter of a mile up the hill, and (per- 
haps) at an increased elevation of 100 
feet, another basin receives warm water; 
thus the anomaly is presented of a cold 
stream running between two hot streams. 

Following the section of the pampa 
westwards for about ten miles, water is 
found beneath the surface at a depth of 
three yards. In this latitude a novel 
kind of cultivation is practised, namely, 
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the capillary attraction which some 
plants possess to an inordinate degree is 
utilized by making them suck up the 
water through several feet of earth. 
The upper crust of saliferous sand is 
cleared away to a depth of some three 
feet, until the alluvial soil is encountered. 
A trench is thus formed, measuring fifty 
feet wide and several hundred feet long, 
and the excavated material is packed up 
on its borders. Alfafa, vegetables, and 
different cereals thrive well in these pits, 
and the cultivation proved so successful 
that the Government, who in that coun- 
po must have a finger in every pie, es- 
tablished an agency to collect rents and 
to plant a farm on their own account, 
with the object of supplying the soldiery 
with vegetables. ; 

At-my last visit the Government agent 
was erecting a windmill destined to raise 
the water by means of a pump, so as to 
attempt surface irrigation. Considering 
the force and constancy of the south- 
westerly winds, the attempt will most 
likely prove successful. 

Resuming a westerly course at the ter- 
mination of another eight miles, the 
water is encountered at a lower depth, 
namely, at about six or eight yards be- 
low the surface, but is still sweet to the 
taste. Another eight miles in the same 
direction and the western hills are arriv- 
ed at, where the water is found only at 
depths of from 40 to 100 yards, and, 
with only a few notable exceptions, so 
strongly impregnated with saliferous 
matter, that it is unfit for the use of ani- 
mals. Thus the pampa may be compar- 
ed to a cup, slightly tilted up at one end 
and filled with a fluid, the surface of 
which is depressed from the natural level 
by the weight of a covering whose depth 
increases in proportion to its distance 
from the raised end. This subterranean 
reservoir is supplied directly from the 
rainy district, and as a proof of the free 
connection which exists between itself 
and its sources, it is only necessary to 
refer to the fact of the simultaneous ris- 
ing of the water in the wells almost im- 
mediately after the commencement of 
the rainy season. 

Now, taking into consideration the 
facts above enumerated, the position of 
the deposits beneath the surface of a lee- 
shore, the proximity of numerous vol- 
canoes uniting with their lava, probably 





large quantities of salts, sodas, sulphurs, 
and other substances, and, lastly, the di- 
rect communication maintained by the 
rivers between the volcanoes and the 
nitrate grounds, would it not be reason- 
able to suppose that these deposits derive 
their origin from volcanic discharge ? 
Is it not probable to suppose the lava 
discharged during eruptions, and falling 
into the ravines, was snatched up by the 
rivers in the latter, and whilst its heavier 
particles were deposited in the neighbor- 
hood, the lighter, consisting of the salts, 
were conveyed across the desert and 
thrown upon the opposing shore, which 
became coated with the deposits on the 
withdrawing of the waters in the dry 
season ? 

With the arrival of the fogs in the 
winter, this coating of soda would ex- 
perience rapid liquefaction through the 
condensation of the fogs, and the pro- 
duct would be absorbed by the porous 
soil of the formation. 

It would seem that no suitable place 
offered itself for the accumulation of the 
deposits on the eastern side of the pam- 
pa, where they would have been rapidly 
dissolved, and washed off by the rains, 
and, indeed, where the hardness of the 
formation would not have permitted of 
their percolation. 

Bolleart, in his “ Antiquities of Peru, 
&c.,” whilst opposing Darwin’s opinion, 
that the pampa was formerly an inland 
sea, and obtained its salt thereby, says : 
“ As to iodic salts, we need not look for 
them to the sea, as iodine and bromine 
exist in the minerals of the regions ;” 
and in another part he hints at the prob- 
ability of their being derived from vol- 
canic sources. 

If Darwin was right, would not the 
greater part of the pampa be covered 
with salt on the evaporation of the sea- 
water? But it is not so, as no beds of 
salt on the pampa have been discovered 
after boring for a considerable depth. 
It lies only on the slopes of the western 
shore. 

The heavy fogs to which I have allud- 
ed appear between the months of March 
and October, and on condensing leave a 
thin coating of chloride of sodium on 
projecting rocks and stones, or any im- 
pediment which seems to arrest their 
course. 

To bring back to memory the origin of 
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these sea fogs, I will quote what Captain 
Maury says about those of Newfound- 
land, in his “ Physical Geology of the 
Sea,” article 166: “The fogs of New- 
foundland, which so much endanger nav- 
igation in the spring and summer, doubt- 
less owe their existence to the presence, 
in that cold sea, of immense volumes of 
warm water, brought by the Gulf 
Stream.” A _ distinguished scientist, 
Sefior Raimondi, in his “ Apuntes sobre 
la Provincia litoral di Loreto,” says at 
page 7: “The immense extent of sand 
stretching along the coast of Peru, in 
some places from 15 to 20 leagues in 
breadth, has likewise to do with the ab- 
sence of rain, because, being a good con- 
ductor of caloric, the sand, acted upon 
by the sun, evaporates a current of warm 
air, which prevents the watery vapors 
already spoken of from being condensed. 
In winter time, the atmosphere being of 
course colder, and the sand, being a bet- 
ter conductor of heat than the water of 
the sea, becomes colder than the latter, 
so that its low temperature causes the 
condensation from which we have the 
fogs so general in winter time on the 
coast of Peru.” 

It appears .to me, in addition to this 
last reason given by Raimondi, that the 
fogs are caused just in the same manner 
as those off Newfoundland, with the dif- 
ference that, in lieu of warm water pour- 
ing itself upon cold, the cold water of 
Humboldt’s current, coming from the 
south Polar regions, mingles with the 
comparatively warm waters of the Pacific 
coast, thus producing the same effect. 
These fogs appear at night time, when 
frequently the thermometer descends be- 
low freezing point, to rise again, at 10 
A. M., to 60° Fah., and at noon to 80° Fah. 
in the shade. 

To strengthen the supposition of these 
deposits having been created through 
volcanic agency, I will again quote Hum- 
boldt; at p. 397 in vol. iii. of his “'Tra- 
vels in South America,” he says: “The 
enormous masses of muriate of soda re- 
cently thrown up by Vesuvius; the small 
veins of that salt which I have often 
seen traverse the most recently ejected 
lavas, and of which the origin (by sub- 
limation) appears similar to that of olo- 
gist-iron deposited in the same vents ; 
the layers of gem salt and saliferous 
clay of. the trachyte soil of the plains of 





Peru, and around the volcanoes of the 
Andes of Quito, are well worthy the at- 
tention of geologists who would discuss 
the origin of formations.” 

I must mention that the grounds are 
nearly everywhere covered with flat 
pieces of clinkstone or phonolite, averag- 
ing in size from a few inches to a square 
foot. A strong opinion is entertained by 
the natives that these blocks of stone 
are aerolites. As they belong to the 
trachytic family, it is probable to suppose 
their having been washed down from the 
volcanic mountains, and to account for 
their being found on the top of hills of 
moderate height, an upheaval might 
have occurred subsequently to their be- 
ing deposited. 

f we admit Humboldt’s view as re- 
gards the sometime disposal of materials 
discharged from volcanoes, the origin 
of the saltpetre deposits will have been 
almost proved to demonstration, for the 
volcanoes would supply the materials 
which would be conveyed by the hy- 
draulic agency I have attempted to de- 
scribe, to the site they now occupy, 
where, after being dissolved by the fogs 
—naturally’ converted into liquid—and 
absorbed by the earth, in union with,ni- 
trogen derived from the’atmosphere, they 
are dug out as nitrate of soda, for the 
use and to promote the prosperity of 
man. 

The author has abstained in this paper 
from touching upon the use which is 
made of nitrate in this and in other 
countries, for he considers the important 
position it occupies in various compounds, 
and its large employment in agriculture, 
well deserve a special study and the 
preparation of a second treatise. 


—_—— +e 


Tue Independance Belge gives some 
curious statistics relative to the consump- 
tion of wood in France. A large quan- 
tity of soft wood is used for making toys, 
and to give an idea of the magnitude of 
this trade it will be sufficient to take one 
article alone, children’s drums, of which 
in Paris alone 200,000 are sold every 
month. The total number made annual- 
ly in France is estimated at 30,000,000, 
while a considerable quantity of wood 
must be consumed to supply 60,000,000 
of drumsticks. 
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Br W. MATTIEU WILLIAMS, F.R.A.S., F.C.S. 


From “Iron.” 


In the last number of the Journal of 
the Chemical Society is the following 
abstract of the observations of F. v. 
Ehrenwerth :—“In Bessemer steel, ob- 
tained by blowing pig-iron rich in sili- 
con, it is remarkable that the greater the 
amount of silicon present, the harder in 
general is the steel. It is only in the 
softest qualities that the silicon disap- 
pears, and with it the manganese, for 
the most part, or entirely. In the selec- 
tion of these qualities the Eggertz 
method may therefore be used. But in 
the case of the hard varieties containing 
much silicon (after exerting greater in- 
fluence than the carbon), this method 
can lead only to errors and inaccuracies 
in the selection. The manganese and 
silicon in such a case should eitheir be 
supposed constant, or be estimated, and 
a combined scale being set up, the po- 
sition thereon could be determined. 


The Eggertz method loses therefore 


nothing of its value for carbon estima- 
tions, or in the selection of varieties of 
steel in which silicon is not present.” 

Having made or superintended about 
fifteen thousand carbon determinations 
(chiefly in Bessemer steel) by Eggertz’s 
method, and carefully observed the con- 
nection between the quantity of carbon 
thus indicated, and the practical proper- 
ties of the steel containing it, I venture 
to state some of the results of this ex- 
perience, which have satisfied me that 
many of the objections made to Eggertz 
method are merely frivolous, and others 
are entirely baseless. 

The above quoted conclusions of von 
Ehrenwerth belong to neither of these 
categories, but, on the contrary, appear 
to be the results of careful practical ob- 
servation and research. 

The reader is probably aware that 
this method is based on the fact that 
when steel or cast iron is dissolved in 
diluted nitric acid (sp. gr. 1.2 is the 
strength actually used) the solution has 
a brownish color varying in depth with 
the quantity of combined carbon in the 
steel or cast iron ; and that it is carried 
out by first making a standard solution 





of cast steel of known composition and 
comparing to this the color of a similarly 
made solution of the steel to be exam- 
ined. ; 

Some have condemned this method 
because it is less accurate than those 
which the objectors prefer to use, others, 
that it cannot be applied at all to the 
determination of very small quantities 
of carbon, and some chemists have even 


maintained that it is altogether unrelia- 


ble and worthless. 

Taking the last objection first, it is 
doubtless true that in unskillful hands it 
may fail to such an extent as to be 
practically worthless. A man may be a 
learned chemist and even a good gravi- 
metric analyst, and yet fail when he 
first attempts a volumetric and colorim- 
etric determination of this kind. A cer- 
tain amount of special technical skill, 
only obtainable by special practice, is 
necessary, in order to carry out this 
method expeditiously and satisfactory. 
Besides this, there is the possibility of 
partial color-blindness disturbing such 
determinations. The late Dr. George 
Wilson found, by repeated experiments, 
that, on an average, about one in every 
thirty of the pupils attending his class 
for chemistry was decidedly blind to cer- 
tain colors, and that scarcely any of 
them were aware of the fact until his 
experiments had demonstrated it. This 
is necessarily a source of considerable 
possible misapprehension of all colorimet- 
ric determinations; the “ personal equa- 
tion” is vastly more disturbing here 
than in the weighing of precipitates and 
potash bulbs. As the carbon determina- 
tion is more dependent on light and 
shade than on tint, color-blindness may 
not interfere so seriously as in some 
other cases. 

Great care is necessary in order that 
the conditions of solution shall be the 
same, both for the standard steel and 
that to be examined. The acid should 
be the same, and free from chlorine, the 
temperature the same, both during solu- 
tion and at the moment of comparison. 
This is best attained by making both 
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solutions together in similar tubes im- 
mersed in the same water bath. Nor- 
mal solutions of burnt sugar that have 
been recommended are not at all reliable; 
they become lighter by keeping, .appar- 
ently by the aggregation and deposition 
of the minute carbonaceous particles 
upon which their color depends. The 
solution of the standard steel itself is 
liable to similar change, and must, there- 
fore, be continually renewed. I have no 
hesitation in affirming that where this 
method has altogether failed, when ap- 
plied to samples containing more than ¢ 
per cent. of carbon, the failure was due 
to the operator and not to the method. 

As regards the first objection, it is ad- 
mitted at once, that the limits of error 
are wider in this than in other possible 
methods of carbon determination, for be- 
sides the personal equation above de- 
scribed its accuracy is obviously limited 
by the previous analysis that determined 
the carbon of the standard, and thus its 
own special errors may be either added 
to or subtracted from this, according to 
their direction. 

But the practical merits of this, as of 
all things else, must be measured by fit- 
ness for intended purpose. By Eggertz 
method, skillfully conducted, the carbon 
combined with iron-may be determined 
within five-hundredths or 1-20th per 
cent., which is sufficiently approximate 
for commercial purposes, and a demand 
for greater accuracy is mere pedantry. 

The more accurate methods of carbon 
determination are so tedjous that they 
are simply worthless for the purposes to 
which Eggertz is applied. To prove 
this I have only to state the fact that as 
many as forty blows of Bessemer steel 
were sometimes made at the Atlas 
Works in one day, and the carbon de- 
terminations of each of these were re- 
quired within a few hours, or they 
would be useless. By Eggertz method 
my assistant was able to make all the 
forty determinations within five hours of 
obtaining the test-ingot drillings, and 
get his dinner in the meantime. 

The second objection is quite sound. 
For quantities of less than two-tenths 
per cent. of carbon the Eggertz method 
is very uncertain. By using double 
quantity of steel and reading the result 
as half, it is sometimes possible to detér- 
mine as low as one-tenth per cent. ; in 





























other cases this cannot be done, on ac- 
count of a green tint, which occasionally 
appears in solutions of such slightly car- 
buretted iron. Why this green tint 
should appear in some solutions and not 
in others I am unable to tell. All my 
hypotheses respecting manganese, &c., 
broke down when searchingly investi- 
ated, and therefore I leave the riddle 
or some one else to solve. When this 
green tint is absent, which is usually the 
case, we may, with care, get down to 
about 0.1 or 0.15 per cent. with tolerable 
reliability. In these more delicate and 
difficult determinations of shade it is 
well to use more than one pair of eyes, 
if possible, each observer independently 
noting his result and then comparing. 

Another class of objections bear main- 
ly upon the question of whether the 
knowledge obtainable by these carbon 
detérminations is of any practical use in 
checking the proportions of spiegeleisen 
that should be used, and in classifying 
the ingots in order that the steel made 
by each blow should be devoted to its 
proper purpose. I pass over without 
further notice the incurable conservative 
stupidities of a certain class of workmen, 
foremen and managers, who blindly de- 
nounce every application of science as 
“theory,” and who would extinguish 
every man who attempts an improve- 
ment by covering him with their bug- 
bear epithet of “theorist ;” but shall re- 
spectfully consider the fair objections of 
those intelligent practical men who have 
endeavored to use the information sup- 
plied by the chemist, but have met with 
difficulties and contradictions in so 
doing. 

The source of one of these difficulties 


is pointed out in the above quotation. 
Silicon does undoubtedly add to the 
hardness of steel, and still more so to its 


brittleness. It is, therefore, possible to 
have two samples of Bessemer steel, one 
containing 0.4 per cent. of carbon and 
the other 0.5 per cent., and yet the first 
may be quite as hard ora little harder 
than the second, and much more brittle. 
This would be the case if the first con- 
tained a notable quantity of silicon, and 
the second only the ordinary trace. Ex- 
clusive reliance on the carbon would, 
therefore, in such a case be misleading. 
According to the carbon determinations 
the first should be used for rails and the 
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second for tires—according to actual 
hardness their uses should be reversed, 
as tires should be a little harder than 
the rails upon which they run. 

I have only supposed a small discrep- 
ancy here because, practically, silicon 
can have but a small effect, seeing that 
the Bessemer process is especially effect- 
ual in oxydizing and removing silicon, 
which can only remain behind in practi- 
cally appreciable quantity when the 
blow has been stopped too soon, or the 
spiegeleisen of bad quality. 

' There is, however, another and far 
more frequent and serious cause of dis- 
crepancy, which I discovered while at 
the Atlas Works. As a clear theoretical 
and practical understanding of this 
affords important aid to the successful 
working of the Bessemer process, I will 
state pretty fully the facts which led me 
to it. 

The late Mr. George Brown was the 
manager of the Bessemer department, 
and to him a report of the carbon deter- 
minations of every blow was delivered 
daily. He had been engaged in steel 
making from boyhood, and was well 
versed in all the practical details of his 
business ; besides this, he had, without 
pretending to be a chemist, a sound ac- 
quaintance with what is known of the 
chemistry of steel, and broad philosophi- 
cal convictions of the value of chemistry 
and its applications to steel-making, and 
these convictions were based on practi- 
cal experience, which prevented him 
from falling into the errors of the over- 
learned, who would regulate everything 
by mere laboratory results. He accord- 
ingly applied the carbon determinations 
with their due and proper checks and 
limitations. Two test ingots were made 
from every blow—one for the laboratory 
drillings, the other for a mechanical test 
of hardness and brittleness by bending. 
These were marked with corresponding 
numbers and the chemical and mechan- 
ical results (which were obtained quite 
independently and apart) were compared. 
Usually they agreed in a remarkable and 
satisfactory manner, but whenever this 


using this time drillings from the me- 
chanical test-ingot to check possible 
error in numbering. When the discrep- 


ancy was confirmed, we “ put our heads | high, muc 





| 


was not the case I was informed of the|phorus, but the tenacity also. 
discrepancy, and repeated the analysis,| breaking strain of the phosphorized 


together” and tried to puzzle out the 
cause. In some cases underblowing and 
consequent presence of silicon afforded 
sufficient explanation ; at other times we 
traced it to silicon in the spiegeleisen. 
The influence of silicon, as described by 
von Ehrenwerth, was well understood 
by Mr. G. Brown. In other cases the 
silicon explanation would not fit the 
facts ; it threw no light upon the dis- 
crepancy and we were left in the dark 
pees it. : 

had already made several observa- 
tions and experiments which led me to 
the conclusions—rather heretical at that 
time—that sulphur was far less mischiev- 
ous to steel than phosphorus, and that 
the generally-received belief in the 
superior malignity of sulphur was only 
sound when applied to ordinary mallea- 
ble iron. These conclusions are stated 
in a communication to the Chemical 
News, February 19th, 1869, in contro- 
version of Dr. Miller, who stated that 
0.298 per cent. of phosphorus in steel- 
iron “is obviously not such as to injure 
the quality,” of Dr. Paul’s assertion that 
0.24 per cent. is quite a harmless quanti- 
ty, and the general opinion then prevail- 
ing and expressed at a discussion in the 
Chemical Society to the effect that small 
quantities of phosphorus were harmless,. 
or even, as some Continental .chemists 
had stated, were beneficial to steel. 
Having satisfied myself that phosphorus 
is the worst enemy to steel, I made 
special analysis of the pigs and spiege- 
leisens used in the Bessemer depart- 
ment, and by following up this investi- 
gation, ultimately discovered that in 
every case where the phosphorus was 
above average the steel was harder than 
it should be according to its percentage 
of carbon, and that whenever the phos- 
phorus was below average the steel was 
softer. I found that the hardening power 
of phosphorus was about three times as 
great as that of carbon, that one-tenth 
per cent. of phosphorus conferred about 
the same degree of hardness as three- 
tenths per cent of carbon. Not only 
was the hardness increased by the phos- 
The 


steel as shown by tearing it asunder by 
the gradually-applied pull of an hydrau- 
lic testing apparatus, was remarkably 
higher than steel containing 
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a similar amount of carbon and little or 
no phosphorus. These experiments 
showed that one, two or three-tenths 
per cent. of phosphorus increased the 
tenacity of iron as thus indicated—to a 
much greater extent than a correspond- 
ing amount of carbon, but they were not 
sufficiently extended to enable me to 
state in reliable figures how much 
greater. 

Some readers, even at this date, will 
probably be = by the foregoing 
statement, and suppose that I have con- 
tradicted myself; will say that if phos- 
phorus thus gives hardness and tenacity, 
even to a greater extent than carbon it 
must be beneficial, and that it may be 
used instead of carbon. This was ex- 
actly the reasoning that led to the errors 
Iendeavored to refute in the ietter to 
the Chemical News above mentioned. 
The conclusions of Dr. Miller, Dr. Paul, 
and many others, were based on the tena- 
city displayed by the ordinary method 
of testing, by a gradually increasing 
steady pull, the breaking strain of iron, 
steel and othersubstances. If steel onl 


required such hardness and such tenaci- 
Ke 


then phosphorus would improve it. 
urther examination, however, shows 
that this phosphorus hardness is treach- 
erous, it is accompanied with most dele- 
terious brittleness. Glass is very hard, 
and will resist a tremendous longitudinal 
strain gradually applied, but is shattered 
by a blow or any other sudden vibratory 
shock. This is just the quality which I 
found to accompany the hardness con- 
ferred on iron by phosphorus. It pro- 
duces a glassy rather than a steely iron, 
and, in small quantities, is less damaging 
to soft iron than to hard steel, especially 
if the soft iron contains sulphur; as 
phosphorus and carbon both tend to 
neutralize hot-shortness. Karsten goes 
so far as to state that up to 0.5 per cent. 
phosphorus is not damaging to iron, but 
rather improving. This, however, is an 
exaggeration. 

he trials upon which I based the 
conclusion that phosphorus is especially 
deleterious to steel were those made b 
the drop test, and by hammering, or sud- 
den bending. Steel containing phos- 
phorus is more liable to crack, break, or 
crush when thus tested, and if a tool 
with an acute edge, such as a knife, a car- 
penter’s chisel, &c., is made of such 





steel, its edge breaks and becomes notch- 
ed if, in tempering, it is left hard enough 
even for cutting wood. 

The most decisive experiments, how- 
ever, were not quite so direct and simple 
as these, and were suggested by the fact 
that there is a practical limit to the 
amount of carbon that can be added to 
Bessemer steel. If this limit is slightly 
exceeded the steel, when hammered or 
rolled, cracks at the edges ; if it is large- 
ly exceeded, an ingot placed as usual 
under the steam hammer crumbles like 
sandstone, even at a welding heat. In 
some samples this occurs at 0.75 percent. ; 
others will bear 0.90, 1.00, 1.25 per 
cent., or even more, of carbon without 
crushing. Why should this be the case 
with Bessemer steel and not with shear or 
pot-steel ? was, of course, a very natural 
question. As the chief chemical differ- 
ence between Bessemer steel and the best 
pot-steel is that in the former the sul- 
phur and phosphorus of the pig remains 
unremoved, while in the latter these are 
taken out in puddling, or do not exist in 
the charcoal iron, I naturally replied that 
it must be one of these, and accordingly 
made analyses for sulphur and phosphor- 
us in all the Bessemer pigs and speige- 
leisens that were used during a long 
period, and watched the results whenever 
a hard or highly-carburetted blow was 
made. It soon became evident that the 
phosphorus was the main cause of this 
rottenness, for the crushing point of the 
hard ingots and the cracking points of 
the ordinary daily bending tests rose 
with the fall of the phosphorus and fell 
with its rise, ¢. ¢., the greater the amount 
of phosphorus the less carbon the steel 
would bear. This was a really import- 
ant discovery, so much so that Mr. G. 
Brown requested me to keep it as a trade 
secret, which I have done during his life- 
time, but am now under no further obli- 
gation to do so. 

A statement of all the details of these , 
experiments would be rather tedious, but 
a general summary may be interesting; 


The average crushing point of the 
Bessemer steel produced in the ordinary 
course of working was at about 0.90 per 
cent. carbon. The average composition 
of the Bessemer pigs and spiegeleisens 
used from July, 1868, to May, 1869, was: 
as follows : 
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Combined carbon 
Graphitic carbon 








The range of phosphorus in the pigs 
during this period (with the exception of 
one delivery, of which I shall speak pres- 
ently), was from 0.02 to 0.15, and in the 
spiegeleisen from 0.03 to 0.12. As the 
pig-iron constitutes nine-tenths of the 
charge and is the most variable, this, of 
course, was chiefly watched. The quali- 
ty of steel varied during this time and 
with these materials. There were two 
classes of variation—one that happened 
in a particular blow of inferior quality 





as an individual variation among a series: 
this class was generally referable to sili- 
con and bad work, as above described ; 
the other class of variations occurred in 
series, 7. ¢., the steel generally during a 
certain period was better or worse than 
average, and this period corresponded 
with the use of a delivery of pig of cer- 
tain brand and quality. It was with 
these that I was now concerned, and I 
compared these variations of quality re- 
spectively with-the variations of silicon, 
sulphur, manganese and phosphorus, and 
found that they fitted neither of the first 
three, but came as nearly in accord with 
the variations of phosphorus as the lim- 
its of error due to commercial analysis, 
mechanical testing, and possible varia- 
tions of individual casts from the same 
blast-furnace, demanded. 


The following five cases, showing com- 
position of different deliveries and brands 
of pigs, will illustrate this : 





> 


o 
& 





Combined carbon 

Graphitic carbon 

ED hein ceeds wean 0090 
Phosphorus 

Sulphur 

Manganese 

Iron by difference 


BOSS RO 
SSES5S8 


S 





CIs OID Sag 
— de Cr Or cr 


vnroorkre Ss 
SSsVerags 
o 


SaBVnees 
ORroonwr 


isa) 
Ss 











The deliveries of pigs, A, B and C, 
produced the best steel ever made during 
the whole time I was at the Atlas Works, 
and the order of the quality, as estimat- 
ed by George Brown, was as I have stat- 
ed them. With “A,” a remarkably fine 
sample of “Cleator” pig, very porous 
and abounding with “kish” (7. e., spang- 
les of uncombined graphite), and a se- 
lected spiegel, George Brown produced 
first class tool-steel, equal to pot-steel, 
by charging it with 1.25 to 1.50 percent. 
of carbon, which it bore without loss of 
weldability (pardon the word, on plea of 
its convenience). The steel from B was 
not quite as good and from C slightly 
inferior to B, but both far above aver- 
age. 

D produced the worst steel that was 
allowed to pass, and the steel from E was 
so bad that it was condemned, and all 
the pigs returned to their vendor. This 

Vex. XIV.—No. 4—22 





sample of steel was rotten, with only 
0.50 per cent. of carbon. 

The degree of superiority of A to B, 
with equal proportions of phosphorus, is 
explained by the abundance of carbon in 
the former. This is an important ele- 
ment in the excellence of Bessemer pigs. 
The lower proportion of sulphur is also 
advantageous, though not of the pre- 
dominant importance that was formerly 
supposed. This is indicated in E, where 
the sulphur, although excessive, is less 
than in D. The usual statement that 
the Bessemer process does not remove 
any sulphur and phosphorus is not 
strictly correct. When the carbon is 
abundant, and the blow is consequently 
vigorous and prolonged, a small reduc- 
tion of both of these (more of sulphur 
than of phosphorus) does occur. 

George Brown assured me that, with 
good management, he could work with 
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silicon as a substitute for carbon, and 
that an abundance of silicon is advanta- 
geous both for increasing the energy of 
combustion and the amount of cinder, 
but that to work with such iron the 
highest degree of skill is demanded, the 
blow must be carried on to the last mo- 
ment, and the converter turned over 
only just before its contents begin to 
solidfy. This is attended with some 
risk. I have had no opportunity of 
verifying this, myself, but have firm re- 
liance in the accuracy and candor of Mr. 
Brown. 

The practical applications of the above 
chemical generalisations may be made to 
contribute materially to the success of 
Bessemer work. I will first state their 
bearings upon the most common applica- 
tions of Bessemer steel—rails and tires. 
Correct adjustment and uniformity of 
hardness is a primary desideratum ; the 
rails should be as nearly as possible 
alike, and the tires a little harder than 
the rails. It is obvious, from what I 
have stated, that the most skillful and 
scrupulous regulation of the carbon ele- 
ment will fail to afford the required uni- 
formity unless the proportion of phos- 
phorus in the raw material remains the 
same. 

According to my estimate of the rela- 
tive hardening powers of phosphorus 
and carbon viz., 3 to 1, steel made from 
pig D, containing 0.39 per cent. of car- 

on, will have about the same hardness 
as steel from pig A, containing 0.78 (the 

hosphorus of the spiegel is here neg- 
ected for simplicity of illustration), and 
therefore determinations of the phos- 
phorus in pigs and spiegels are as neces- 
sary as determinations of the carbon in 
the steel. The importance of such de- 
termination becomes still more manifest 
when the other differences, besides mere 
hardness, are considered. Although, in 
the cas2 just supposed, the D steel, with 
0.39 per cent. carbon and 0.15 of phos- 
phorus, may have the same hardness as 
the A.steel, with 0.78 carbon and 0.02 
phosphorus, it will by no means be of 
similar quality. It will be much more 
brittle, liable to fracture by vibratory 
strain, and less susceptible of that gradua- 
tion of hardness obtainable by the tem- 
pering of true carbon steel. 

Following up this difference, we arrive 
at a means of extending the Bessemer 








process to many other purposes than 
those to which it is commonly applied. 
All that is required for the manufacture 
of the best tool steel by the Bessemer 
process is to obtain pig-iron equal to A 
or B, and spiegeleisen of corresponding 
quality. It is not impossible to obtain 
this, but their is some difficulty in so 
doing, a difficulty which 20s. per ton 
added to ordinary prices of Bessemer 
pig would doubtless overcome. This 
tool-steel, of course, would demand the 
high percentage of carbon common to 
pot steel, which could easily be added, 
and with more certainty and uniformity 
than by the melting up of blistered 
steel. 

But this is not all. There is a vast 
field open for the application of mild or 
semi-steel of reliable toughness and 
homogeneity. Bessemer steel-iron prac- 
tically free from phosphorus and con- 
taining the lowest obtainable quantity of 
carbon, from 0.20 to 0.25 per cent., is in- 
valuable for boiler-plates. Its tenacity 
is nearly double that of iron, and there- 
fore it need be made of but little more 
than half the thickness of iron plates. 
These Bessemer plates being rolled di- 
rectly from cast ingots are free from la- 
mination, blisters and other irregulari- 
ties of piled plates, and, by virtue of 
their carbon, can better resist the action 
of the fire. Girders and other elements 
of structure might be safely made of 
this semi-steel. We hear of many pro- 
jects to build steel bridges. With this 
material the advantages of greater tena- 
city than iron, without the danger of 
brittleness, would be attainable. 

Another application of such material 
may be mentioned. I had some sheets 
rolled from ingots containing 0.25 per 
cent. carbon and made from the same 
brand as A. These were sent to Messrs. 
Griffiths and Bowett, of Birmingham, 
who stamped them into vases and cylin- 
drical cups of the form and proportions 
shown below. They were beaten and 
spun from a flat circular blank of the 
sheet metal. The object of the experi- 
ment was to ascertain whether a homo- 
geneous cast metal could be used for the 
manufacture of tin-plate wares of superior 
quality. These are stamped first and 
tinned afterwards. When ordinary sheet 
iron, although made from the best char- 
coal-iron, is used, it often happens that 
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a portion of the surface is formed of 
cinder,—silicate of iron—that has not 
been completely squeezed out from the 
spongy mass of the puddled ball: This 
resists the tinning, and it has to be filed 
away, or the ok after much time and 
labor has been expended in shaping it, is 
gg spoiled and rejected as a “ waster.” 

e surface of the cast Bessemer semi- 
steel is perfect, and takes the tinning 
beautifully. 


A multitude of other uses, such as 
steel pens, &c., might be named ; but 
these are sufficient to show that there is 
still an unoccupied field for manufactur- 
ing enterprise in the establishment of a 
Bessemer work where only the fine 
quality steel and steel-iron, such as was 
produced from pigs A, B and C, should 
be made, and sold at prices correspond- 
ing to their quality. In such a manu- 
factory no low-priced heavy work should 
be attempted ; and if by mistake a few 
blows of ordinary Bessemer steel should 
be produced, the ingots should be sold 
to ordinary rail-makers, so that all the 
finished material bearing the brand of 


the works should be of uniform high- 
class quality. A reputation would thus 
be acquired, and large profits obtainable; 
but in order to secure such reliable 
quality the whole manufacture must be 
based on scientific principles, and no 
stint perpetrated in reference to the an- 
alytical examination of all the materials 
used, and the strict chemical investiga- 
tion of every failure in respect to the 
quality of metal produced. Small or 
moderate-sized works, for high quality 
and high prices, rather than for large 
quantities, should be the aim. It might 
be advantageously affiliated with larger 
works, because there would, with every 
precaution, always be a liability to make 
inferior blows—by these I mean Besse- 
mer steel which, though better than is 
now usually made, and useful for rails, 
&c., would not be good engugh for the 
guaranteed quality that alone should 
bear the stamp of these works. There 
would thus be no absolute loss, even on 
the failures, and the high prices of the 
successful product would fairly reward 
the commercial enterprise and scientific 





skill demanded. 





REPORT OF THE MASSACHUSETTS RAILROAD COMMIS- 
SIONERS.* 


Abstracts from last Annual Report to Massachusetts Legislature. 


The Railroad Commissioners respect- 
fully submit their Seventh Annual Re- 
port. 

The general and continued business 
depression incident to the financial crisis 
of September, 1873, has made itself felt 
much more perceptibly on the Massachu- 
setts railroad system during the last, or 
second, year following the crisis, than it 
did during the first. 


RAILROAD CONSTRUCTION 


About fifty miles of railroad have 
been annually constructed in Massachu- 
setts since the year 1835. In 1873-4, 
there were no less than 130 constructed ; 
in 1874-5, the amount decreased to 41 
miles, and during the past year has still 
further decreased to 33.75 miles. Of 








* Brief abstracts from “‘ Public Document,” No. 29. 


this amount, 24.95 miles were of the 
standard, or 4 feet 84 inches gauge, and 
the remaining 8.8 miles of the narrow, 
or 3 feet gauge. There are now 23 
miles of road of the last description in 
the Commonwealth. 

THE MILEAGE OF RAILROADS. 


The total length of railroads reported 
to the Board forthe last year was 2,459.- 
202 miles of main line and branches, 
with 693.266 miles of siding, and 626.- 
034 miles of double track,—the equiva- 
lent in all of 3,788,502 miles of single 
track. An increase of 77.409 miles over 
the preceding year, 36.668 of which are 
additional sidings. Of these totals there 
are within the limits of Massachusetts 
1,816.748 miles of main track and 
branches, 504.907 miles of siding, and 
440.114 of double track,—the equivalei.t 
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of 2,761.769 miles of single track. This 
affords one mile of main track or branch 
road to 4.29 miles of territory, and to 
each 909 inhabitants. These are the 
largest averages to be found in America, 
though small in comparison with those 
na in some European countries, 
where the population averages as high 
as 8,000 to each mile of railroad. 


COST OF ROADS. 


The average cost of the roads of the 
standard gauge is returned at $57,307.64 


extremely lax. Many of the corpora- 
tions seem to have practically kept no 
record. at all, especially of trip passes, 
and to be unable to give any definite in- 
formation on the subject. It may fairly 
be regarded as matter for surprise that 
| at this late day a matter of so much im- 
|portance as the free use of their roads 
should have apparently excited so little 
attention on the part of such a number 
of railroad officials. 

The whole system should be broken 
up, though this probably cannot be done 








| 
| 
| 


per mile, exclusive of equipment, which |}y jaw, “The true rule would be for the 
has amounted to an additional sum per | ¢onductor of a train to take up a ticket 


mile of $7,774.47. The narrow-gauge 
roads are returned at $16,640.07 per 


| from every person on it, except the train 
|hands. He should not be allowed to re- 


mile, and $3,592.32 for equipment. The ceive fares on the cars without in return 


average cost of an equipped road, irre- 


giving a ticket, which he subsequently 


spective of gauge, is returned at $64,-| should take up asa train ticket. Em- 


657.06 per mile, but varies from $98,- 

606.19 for the Boston & Albany to $9,-: 

316.20 for the Martha’s Vineyard. 
EARNINGS. 

The average sum earned on each mile 
of main line and branch road operated, 
was $13,250.84 ; if, however, the double 
tracks are computed as additional single 


track, the average amount earned per 


mile was $10,737.65. The amount 
varied from $30,003.41 per mile on the 
New York, New Haven & Hartford 
road, and $25,039.90 on the Boston & 
Albany, to $2,008.03 on the Springfield, 
Athol & North-Eastern. 


COST OF OPERATION, 


The cost of operation has amounted to 
$9,329.38 on each mile of road in use ; 
varying from $17,135.12 on the Boston 
& Albany to $1,400.48 on the Springfield, 
Athol & North Eastern. It has consumed 
70 per cent. of the gross earnings, 
leaving a margin of 30 per cent. as profit 
on the year’s business. 


FREE PASSES. 


The subject of free passes over rail- 
roads has recently attracted much public 
attention. With a view to ascertaining 
the extent to which the practice of 
granting these passes had been carried, 
a series of interrogatories were addressed 
to the several corporations. 

The practice as regards passes varies 
greatly. Each corporation lays down a 
rule for itself, which seems in some 
cases to be quite stringent, and in others 


ployés, from the highest to the lowest, 
should, when on the business of the 
company, surrender employés’ tickets, 
countersigned by themselves. When 
public officials travel on public duty, 
they should buy their tickets, like other 
passengers, and their traveling expenses 
should be regularly refunded tothem. In 
this way, and in this way only, could a 
true and accurate record of travel be 
kept, and the abuses always incident to 
the pass system cut off. 


COST OF RUNNING TRAINS. 


The average cost of running a train 
one mile has been $1.169 on the passen- 
ger service, and $1.235 on the freight 
service ; varying from $0.432 for passen- 
ger service on the Springfield, Athol & 

orth Eastern, to $1.908 for freight ser- 
vice on the New Haven & Northampton. 
The average rate on all trains has been 
$1.195 per mile, or 1.3 cents more than 
last year. 


PROPORTION OF PAYING WEIGHT TO DEAD 
WEIGHT. 

The average number of passengers to 
each train during the last year was 66, 
and the average number of tons of 
| freight was 64. The passenger trains, 
|including locomotives and baggage-cars, 
averaged 1224 tons of dead weight, and 
\the freight trains 212} tons. Conse- 
quently, the returns would seem to indi- 
cate that the railroad corporations of the 
State haul 1.778 tons of rolling-stock for 
each passenger they carry, and 3.292 
tons for each ton of freight. 
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TRAIN MILEAGE. 

The total mileage of passenger trains 
run during the year was 9,589,921, or a 
decrease of 297,080 miles from the pre- 
vious year, being a decrease of 3 per 
cent. in service, corresponding to a de- 
crease of 2 per cent. in earnings. As 
regards freight, 8,710,611 trains were 
run one mile, a decrease of 973,991 miles 
from two years previous, representing a 
corresponding decrease of $2,702,059, or 
16 per cent., in the earnings from that 
source. 


FARES AND FREIGHTS. 

The average fare charged per mile on 
all the roads was 2.42 cents per mile, 
ranging from 5.6 mills per mile for seas- 
on-ticket passengers for long distances, 
to ten cents per mile for single-ticket 
passengers for very short distances. 


STEEL RAILS. 
As regards the track, it appears that 
1,040 miles out of 3,085, or 34 per cent., 
this year, as compared with 29 per cent. 


last, of the entire main lines of the cor-| 


porations, are laid in steel,—an increase 
of 156 miles over the amount reported 
last year. 

TRAIN BRAKES. 


One of the most gratifying features in 
the returns this year, as last, is the 
rapid application of the train-brake to 
the passenger-rolling-stock. At the 
close of last year, it had been applied to 


313 locomotives, and to 997 passenger- | 
It is now} 


cars out of a total of 1,294. 
applied to 353 locomotives, and to 1,227 
passenger-cars out of 1,361. When it is 
remembered that at the time of the acci- 
dent at Revere, just four years ago, the 
train-brake had been adopted by a single 
one only of the Massachusetts corpora- 
tions, the advance made in this impor- 
tant respect will be appreciated. 

It is, however, to be regretted that 


|Motive are so equipped that the brakes 
do not operate. The trains, accordingly, 
‘are reduced to a reliance on the old- 
fashioned hand-brake. There is reason 
to believe that at least one serious acci- 
dent, which recently occurred beyond 
the limits of the State, was attributable 


to this cause. 
STATIONS. 

The number of stations returned is 
| 1,151,—an increase of 75 over the num- 
ber previously reported,—being a station 
}- every 2.14 miles of road operated. In 
Massachusetts, the proportion is some- 
what different, being one station to every 
2.27 miles of road. 


| 


GRADE CROSSINGS. 

| The number of grade crossings is still 
rapidly increasing. There are 2,774 of 
these returned for the present year, as 
‘compared with 2,660 for the previous 
one,—an increase of 114 in asingle year; 
|607 of these are protected by gates or 
flagmen. The number of casualties at 
these points is yearly becoming more 
noticeable. This fact has repeatedly 
been referred to in the reports of this 
Board. During the past year, as will 
be seen by reference to that portion of 
|the present report relating to accidents, 
‘new and striking illustrations have been 
afforded of the dangers necessarily in- 
‘cident to the crossing of railroads by 
highways at grade. 

| 





SUMMARY, 
In conelusion, it may be briefly stated 
that the average mile of single track 
|road (the mile of double track being es- 
| timated at two miles of single track) of 
which returns are made to this Board, 
has cost $44,500, and that its equipment 
has cost an additional sum of $000, 
making a total of $50,500 for the 
mile of single track equipped road, 
which is represented by $36,500 of capi- 


neither the Providence & Worcester nor tal stock and $16,900 of debt. The 
the New London Northern roads have | gross yearly revenue from it is $10,563 ; 
yet adopted this great safeguard. It is|of which $7,436, or 70 per cent., is con- 
also an unfortunate fact that a difference sumed in the cost of operation, and 
in judgment as to the relative merits of | $3,127, or 30 per cent., remains as profit. 
different inventions has caused certain | Fifty-one per cent. of the revenue is de- 
other corporations, operating roads rived from the passenger business, and 
forming parts of through lines, to adopt | 44 per cent. from freights, and the bal- 
different kinds of brakes. Accordingly, | ance from miscellaneous sources. 

when the through trains are made up at| The record of accidents shows that, 
connecting points, the cars and the loco-| notwithstanding the strict economy which 
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all the railroad corporations have been 
obliged to practise in consequence of the 
enerally depressed condition of their 
oe the personal safety of their 
passengers has not been neglected, and 
compares favorably with the statement 
for any preceding year. No passenger 
has been killed upon a Massachusetts rail- 
road/and but six have been in any way 
injured, from causes over which they had 
no control, or to which they did not di- 
rectly contribute by their own careless- 
ness. : 
The whole number of passengers car- 
ried by rail during the year is reported 
as 42,035,846, and the average length of 
journey made was 15.07 miles. It fol- 
ows, therefore, that the average journey 
by rail resulting in injury during the last 
ear has been 105,580,036 miles, or that 
In traveling upon the railroads of this 
State the chances are that a person will 
travel more than one hundred and five 
million miles before sustaining any in- 
jury whatever from causes Mes | his 
or her own control. Or, again, a per- 
son traveling 200 miles per day for 
312 days in each year, may travel for 
1,692 years before sustaining any injury 


to which he or she did not in any way 
contribute by their own carelessness. 

The ordinary average of accidents of 
this nature in Massachusetts for the past 
five years has been in the immediate 
neighborhood of one passenger to each 
1,400,000 carried. During the past 
railroad year it has been only one to 
each 7,000,000 carried. How creditable 
this record is to the care and skill with 
which the various roads have been 
operated, may be inferred by comparing 
the record with that of other countries 
where similar records are kept and re- 
ports published. During a period of ten 
years—between 1859-69—one passenger 
was killed or injured upon the railroads 
of France to each 674,000 persons 
carried ; and in England the average for 
the last five years has been one passen- 
ger killed for every 8,388,980 carried, 
and one injured for every 318,600 
carried, exclusive of season-ticket pas- 
sengers. 

he following statement shows the 

proportion of passengers killed and in- 
jured to passenger journeys for the four 
years ending 1873, and the year 1874, 
respectively, in Great Britain : 
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1 in 11,196,570 1 in 338,423 
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The total number of casualties inci- 
dent to the operation of the railroads of 
the State during the year, has been 242, 
as compared with 279 for the previous 


| (103) were occasioned by the unlawful 
practice of walking upon the railroad 
tracks. 

Eighteen cases of injury, of which 13 


year. Of these, 36 were to passengérs| were fatal, have occurred at highway 
and 84 to employés, and the balance of} crossings at grade (only half the num- 
122 were to trespassers on tracks and to| ber for the previous year), and five of 
persons at crossings, etc. One hundred these fatal cases occurred by a single 
and nineteen resulted in death to’ per-/ accident on the Old Colony Railroad at 
sons, and 123 in personal injury only. | Fall River, on the 27th of June. Eight 
More than 42 per cent. of the casualties | of them occurred at crossings protected 
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by gates or flagmen, and 10 where there 
were neither gates or flagmen. 

The Commissioners wish again, as they 
have repeatedly done before, to call at- 
tention to the very rapid increase in the 
number of highway and railroad grade 
crossings. On September 30, 1872, there 
were reported of these, in this State, 
2,228; and on Sept. 30, 1875, there were 
2,774 : an increase of 546 in three years, 
or at the rate of a new grade crossing 
every two days. The facility with which 
these seem to be granted by the several 
boards of county commissioners on al- 
most every application is most unfortu- 
nate. There is now a highway grade 
crossing to every mile and one-eighth of 
railroad in the Commonwealth. During 
the three years—1872—74—there were 31 
persons killed and 38 persons injured at 
these crossings. During the last year 
the two worst accidents which occurred 
at them were at crossings provided, in 
one case with a gate, and in the other, 
with a flagman, showing that these are 
insufficient protections. As population 
increases so does the danger, and the 
only real remedy is never to permit the 
crossing of a railroad by a highway at 


—_— when it can possibly be avoided. 
e law authorizing these nuisances 
shoukid be revised, with a view to their 
future restriction. 


RAILROAD ACCOUNTS AND RETURNS. 


For several years past the Commis- 
sioners have in each of their annual re- 
ports, freely criticised the methods of 
book-keeping in use by the various rail- 
road corporations of the State, and the 
character of the returns made from 
them. The railroad returns are, and 
must continue to be, essentially unrelia- 
ble, if not even deceptive, until a radical 
reform in the methods of railroad book- 
keeping is effected. Upon this point 
the Commissioners have no new consid- 
erations of a general nature to offer. 
The cause of the difficulty is obvious. 
It dates from the very origin of the rail- 
road system, when it was not at all ap- 
preciated what that system as a whole, 
or the several members of it individually, 
were destined to become. Railroads 
were then regarded as purely private en- 
terprises managed by corporate bodies, 
in the doings and business affairs of 
which the holders of the company’s stock 





alone were interested. They were sup- 
posed to be more analogous to turnpike 
corporations than to anything else, and 
enjoyed much the same exemption from 
public supervision, nominal returns only 
being made by them. Gradually, how- 
ever, the public character of the func- 
tions they exercised became better un- 
derstood, until,as long ago as the year 
1846, only eleven years after the first 
three cae were opened in Massachu- 
setts, the corporations were called upon 
by a general law for annual statements 
of their doings and condition, which 
since then have been published as part 
of the records of the State. In some 
other states of the Union, however, no 
such returns have ever been required, 
and nothing is known of the affairs of 
the railroad companies, except what their 
officials see fit to make public. Neither 
has provision ever been made in Massa- 
chusetts, or elsewhere, to secure any 
uniformity in the books and the methods 
of keeping them, which lie behind the 
returns. 

A system might indeed be pre- 
scribed by law, and in some cases has 
been, but the carrying out of the system 
is left practically in the discretion of the 
several corporations. Until the year 
1873, the Massachusetts returns seem to 
have been accepted as they were sent in, 
and published for what they were worth 
without scrutiny or comment. It is 
consequently almost needless to say that 
they were worth very little. For years 
their preparation was regarded by those 
on whom it devolved as a mere formal 
task, in which accuracy was of little im- 
portance. Accordingly, the earlier series 
of returns will not bear the slightest ex- 
amination. Their errors and discrepan- 
cies are gross and apparent. It is, for 
instance, quite out of the question to 
ascertain from them even how many 
miles of railroad there were in Massachu- 
setts at any given time ; an item of in- 
formation, perhaps, as important as any, 
and one in respect to. which accuracy 
would seem not very difficult of attain- 
ment. In the year 1873 a wholly new 
system was adopted. The returns as 
they came in were very carefully scruti- 
nized, and explanations of all apparent 
discrepancies required. In this way, 
when the figures were published, though 
this Board in no way held itself respon- 
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sible for their real accuracy, they were 
at least plausible. 

They are, however, still often inaccu- 
rate, and at times even deceptive. In- 
deed, wherever those in charge of a cor- 
poration have any object to gain by a 
concealment of the true condition of its 
affairs, these returns afford an excellent 
opportunity, amounting to almost an in- 
vitation, for either the suppression of the 
true or the suggestion of the false. They 
do so in a very obvious way. They are 
collected by authority of law and com- 
piled by public officials ;—they are pre- 
pared under oath and upon a uniform 
schedule of interrogatories, the answers 
to which are carefully tabulated. Under 
all these conditions the returns go out to 
the public with a species of endorsement 
of their truthfulness and accuracy on the 
part of the Commonwealth. They thus 
enjoy an authority which in no way be- 
longs to them. In the popular mind it 
is naturally supposed that, as the results 
are uniform, the methods through which 
they are arrived at are likewise uniform, 
and it requires very considerable famili- 


arity with railroad accounts to see that | 


this is not the case. The returns of each 
road, on the epee! S are arrived at 
from a system of book-keeping peculiar 


to itself, through the application of arbi- 
trary rules, which in different cases may 
or may not be the same, and which, in 
the case of corporations at all embar- 
rassed financially, are almost certain to 


be exceptional. Under such a system it 
is in no way necessary to have recourse 
to fraud or misstatement in order to give 
to a company’s affairs a desired aspect, 
whether favorable or otherwise. It can 
be done with perfect certainty, and yet 
the books be accurately kept and the re- 
sults truthfully deduced from them. It 
is only necessary to apply to the real 
facts the arbitrary rules which each com- 
pany lays down for its own guidance, 
and which do not appear on the face of 
the returns. The process is perfectly 
simple. The property of every railroad 
corporation consists of its road-bed and 
rolling-stock, and certain outside assets 
of uncertain value ; its income is derived 
from its business as a common carrier, 
and the — part of it is necessarily 
expended in carrying that business on. 
Any balance over and above the amount 
thus expended constitutes the net earn- 





ings of the road. What the amount of 
this balance is, or may be made to seem 
to be, depends within very wide limits 
upon the arbitrary rules under which 
the accounts are kept. What in one 
case is charged to construction may in 
another case be charged to current ex- 
penses, or the reverse ;—the cost of re- 
newals may be discontinued, and the 
property allowed to deteriorate ; or @ 
certain amount of current indebtedness 
may be suffered to accumulate, and the 
unpaid vouchers be carried over from 
one year to another. Through any, or 
all of these processes, a road on the 
— of ruin may be made to appear in 
a flourishing condition ; and, side by 
side with it, a road choked with remu- 
nerative business may be represented as 
daily going behind-hand. Yet all the 
while each return will be accurately 
drawn -from the books, and, what is 
more, the officials of each company may 
very honestly consider that the returns 
made by them are the more correct in 
principle. Indeed, discretion and good 
judgment enter so largely into railroad 
accounting, that it has been in no way 
unusual for corporations to find them- 
selves hopelessly bankrupt before those 
who managed their affairs were aware 
that they were in a position of danger. 
The degree to which the balance repre- 
senting net earnings may be apparently 
increased or diminished at will can be 
perfectly illustrated in a matter of now 
almost daily experience—the replacing 
of iron by steel rails. Of two corpora- 
tions engaged in doing this, one is em- 
barrassed and wishes to increase its ap- 
parent income ; the other is pursuing a 
conservative course and is improving 
the value of its property. Each must 
lay down some rule under which the un- 
usual outlay for steel in place of iron 
shall be entered on its books. The em- 
barrassed corporation so manipulates the 
account that the whole outlay is ulti- 
mately charged to construction ; while 
by the conservative corporation it is met 
at once out of its net earnings. When 
the cost of the steel is thus disposed of, 
the old iron still remains among the as- 
sets of the two corporations,—piled up 
along the track awaiting a purchaser. 
It must, therefore, appear in their re- 
turns as property on hand. One corpo- 
ration charges it off its books as so much 
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material on hand required for use in| the allowance for construction trains and 
yards, sidings, etc.; while the other will | switching-engines on the several Massa- 
estimate it, not at its market value, but | chausetts roads. An examination of the 
at its original cost, on the ground that it | replies to the special interrogatories, will 
is still fit foruse. Thus, bya simple and; show at a glance how widely these 
perhaps not dishonest manipulation of allowances vary. Among the roads 
accounts, in a way which is not apparent | leading out of Boston, for instance, one 
on the face of the returns, a corporation | makes no account of the miles run by its 
which is doubling the value of its prop-| switching-locomotives at all; while an- 
erty may prove itself unable to pay a other enters them at 5 miles an hour, 
dividend ; while another corporation on another at 6, and still a third at 7. The 
the highroad to insolvency may figure | Fitchburg road, then, allows for them 
out a heavy surplus. (50 miles apiece for each day, and the 
It is these returns, however, which now | Boston & Providence 163. Presently 
practically give to the stockholders. as;another company renders a return in 
well as to the public all the insight they | which they enter for the distance they 
get into the condition of the railroad actually run, the engine-driver being 
companies. The affairs of these corpo-| supposed to keep an account. In the 
rations are so complicated and vast, and | first place, therefore, there is no uni- 
their constituency is so numerous and |formity in the mileage account, upon 
scattered, that the private investigations which the value of the test depends. 
once possible are now out of the ques-| Accepting it, however, as the best at- 
tion. It is very difficult even for direct-|tainable, it remains to apply it to the 
ors themselves to make them; impossible | Massachusetts returns. 
for any oneelse. Yet railroad securities; The true average cost of running a 
are quoted and bought and sold in a way train one mile,—the standard cost for 
which was formerly peculiar to govern-| purposes of comparison,—may be ar- 
ment bonds. The returns being, then, | rived at with approximate correctness by 


the only source from which information 
as to the value of these securities is to 
be had, they are, nevertheless of little 
value in the hands of one not accustom- 
ed to railroad accounts; while one fa- 
miliar with the tests to be applied to 
them can make them produce thoroughly 
inconsistent results. Take, for instance, 
the test most commonly accepted,—that 
of the cost of running a train one mile, 
—and let it be appled comparatively | 
among a number of not dissimilar roads. 
Into this cost enters all the expense of 
operating the road ;—when it is returned | 
at a large amount, it indicates that the | 
company is putting its net earnings into | 
its property ; when it is very small, it 


exceptional roads. 


taking the average of six of the Boston 
roads,—the New York & New England 
being excluded on the one side and the 
Boston & Providence on the other, as 
The average cost of 
running a passenger train one mile is 
found to be $1.15, and that of running a 
freight train is $1.30; the average cost 
per train mile run, is $1.106. The test 
will be found applied in the accompany- 
ing table to the returns of fifteen rail- 
road corporations for the last year. In 
the ease of each corporation the total 
train mileage returned by it is multiplied 
by the standard cost of running a train 
one mile, and the result shows how 
much it may be assumed to have cost 


indicates that the company is running | such company to operate its road during 
down its property in order to make athe last year. The next column contains. 
favorable balance,—in other words, that | the cost of such operation as actually 
it is living on its capital. ‘made up from the company’s books. 

The accuracy of any result arrived at |The difference between the two may be 
through the application of this test,|taken to roughly indicate the policy of 
necessarily depends, in the first place, on | the several companies in regard to main- 
the correctness with which the mileage taining or depreciating their property 
account is kept, and upon what in each | during the year. It will be seen that the 
case enters into it. That, again, is de-| cost of running a train one mile varies 
cided by arbitrary rules. Some corpo-|130 per cent. ; that it ranges from 60 
rations make the computation in one | cents to $1.41; and the inference is ir- 
way, somein another. Take, for instance, resistible, that, while some corporations 

o 
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are using up their property year by year, 
others are accumulating it with equal 
rapidity. A small margin of difference 
is natural, and calls for no explanation. 
That it should cost the Old Colony 2 
cents more or less per mile to run, its 
trains than it does the Boston & Albany, 
is small matter for surprise. That it 
should, however, cost the Fitchburg 32 
cents more per mile run to operate its 
road than it does the Boston & Maine ; 
or the Eastern 42 cents less than the 





Boston & Providence ; or the Boston, 
Clinton & Fitchburg 36 cents less than 
the Providence & Worcester,—these are 
discrepancies which can be accounted 
for only in one way. What that way is, 
may be inferred from the figures in the 
third, fourth and fifth columns of the 
following table. These columns show 
both what it ought to have cost these 
companies to operate their roads during 
the year, and what it is claimed that it 
actually did cost them : 





mile. 


ration at 
ost per 
of excess or 


ped ip 
train mile. 
tandard cost, 


standard cost, as com- 
pared with cost re- 


Cost of o 


Cost per train mileas 
returned. 


Standard cost per train 


Total cost of operation 
as per return of com- 


c 
Excess or deficit of 


ported in return 
i fs 
as compared with cost 


in return. 


Percent: 
deficit 





. Boston & Providence 
New York, New Hav- 

en & Hartford.... 
Connecticut River... 
Fitchburg 


Springfield, Athol & 
North-Eastern .... 

Boston & Maine..... 

Providence & Wor- 

cester. 

Nashua, Acton & Bos- 
ton 

Worcester & Nashua. 

Old Colony 

Boston & Albany.... 








Ba 
oe 
° 


1. 
1. 
3. 
a: 
a. 
hi 
1. 
I 
1. 
i. 
1. 
1. 
1. 
he 





$1,134,021 89 


2,727,397 96 
419,679 65 
1,326,501 56 


766,620 11 
2,069,871 61 


718,314 75 
581,444 84 


59,981 14 
1,594,986 77 


653,220 96 


44,145 60 
336,079 21 
1,558,744 40 
5,371,902 88 





$885,097 51 

2,216,492 57 
364,484 

1,102,784 86 


730,021 94 
2,303,501 59 





486,598 17 
—233,629 98 


—236,260 58 
—118,959 52 


—49,687 61 
—148,705 18 


19,190 41 
tor690 01 








A similar difference of system among 
the several corporations is made appar- 
ent by a comparison of the cost at which 
their rolling-stock stands on their books. 
The variations are so wide as to be al- 
most ludicrous. The explanation is 
again found in the fact that-each com- 
pany is a law unto itself. In one return, 
a namber of new engines or cars made in 
the shops of the company during éach 
year are charged as part of the expenses 
of operation, on the ground that they 
roughly represent the general deteriora- 
tion of the rolling-stock. In another 





case, it will on examination be found 
that every addition to rolling-stock is 
charged to construction, and that old 
numbers are carried on the books long 
after that which they once represen 

has been condemned for deterioration. 
The present cost of a new, first-class 8- 
wheel locomotive weighing 30 tons is 
$8,000 ; that of a new, first-class passen- 
ger car, complete, is $4,600 ; while a 
box freight-car costs $700, and a flat or 
platform freight $5.75. On the books 
of the companies it will be noticed that 
locomotives vary from $2,507 to $12,- 
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565 ; passenger cars from $96 to $4,500 ; 

and freight-cars, box and flat (in the 

way the returns are made, the value of 

pan cannot be separated), from $57 to 
868. 

Again, as respects passenger mileage. 
From this item in the returns are neces- 
vine deduced, not only the statistical 
results in regard to accidents, but also 
the rates at which passengers are carried. 
In making it up, however, the several 
companies each have their own system. 
Among the Boston roads, six out of the 
eight altogether exclude from the aggre- 
gate passengers traveling on free passes, 
and many of them apparently do not 
even x a record of the free passes 
issued. Two of the eight, however, are 
more particular ; and while this class of 

assengers appear in the returns of the 

oston & Albany road as having travel- 
ed 1,642,513 miles, they appear in that 
of the Fitchburg for the larger amount 
of 1,814,248 miles. 

The system now in use is, however, 
open to far greater objections than have 
yet been advanced. Its worst feature is 
the opportunity it presents for the prac- 
tical falsification of accounts under great 
temptation to falsify. It renders not 
only possible, but usual, the most extra- 
ordinary and unwarrantable liberties 
with the principles of book-keeping. 
The construction account of a railroad 
corporation, for instance, is supposed to 
represent what its property eost,—the 
money actually put into it,—and what 
accordingly it is approximately worth. 
As a matter of fact, however, in not a 
few cases almost everything finds its 
way into it,—not only bad debts and 
discounts, but even interest and losses. 
Consequently, the more certain corpora- 
_tions lose and the heavier the discounts 
to which they are subjected as borrow- 
ers, the more their property appears to 
be worth. 

There is but one remedy for such a 
condition of affairs ; that, however, is a 
very obvious one. It will be found in an 








increased publicity and more perfect uni- 
formity. The last vestige of the old) 
idea that the accounts of railroad corpo- | 
rations are matters of private concern-| 


ment only, and as such can best be! 
managed, in secret, must be gotten rid | 


of. To bring about this result, a bill| 
was prepared a year ago, and submitted | 


by this Board to the joint legislative 
committee on railways. It was meant to 
be radical in its character, having been 
prepared in the full light of the many 
and notorious railroad scandals of the 
last ten years, and with the financial 
revelations which followed the crisis of 
1873 still fresh in mind. It subjected 
the books of the railroad corporations to 
a constant and regular public super- 
vision, with a view to securing accuracy 
and uniformity in the methods of keep- 
ing them. The results set forth in fu- 
ture returns were to be not only plausi- 
ble, but they were actually to represent 
the exact condition of the affairs of each 
company, not only in themselves, but as 
compared with those of every other 
company. Where charges had to be 
apportioned under arbitrary rules, those 
rules were in all cases to be approxi- 
mately the same. Where, under ex- 
ceptional circumstances, deviations from 
those rules became necessary, attention 
was to be called to them as such. 

The measure was considered by the 
committee, but no action was taken upon 
it. Finally, towards the close of the 
session, it was referred back to the Board 
with instructions to further consider the 
whole subject and to report to the legis- . 
lature of the present year. (Resolves 
of 1875, chap. 67.) In accordance with 
these instructions, a new draft of a meas- 
ure regulating the whole subject of rail- 
road accounts and returns has been sub- 
mitted. The bill is founded on the two 
fundamental principles already referred 
to,—uniformity and publicity, and is be- 
lieved to sufficiently explain itself. It is 
proposed to no longer rely on answers to 
interrogatories derived from books pri- 
vately kept by different methods and 
under numerous and dissimilar arbitrary 
rules ; but, instead of that, to cause the * 
accounts of the future to be so kept that 
the returns when published shall be un- 
derstood to mean what they say. On 
the other hand, it is not intended to es- 
tablish any public auditorship over the 
railroad corporations, nor in any way to 
dictate to them as to how they shall 
spend their money. ah all of 
this sort is contemplated. hey will 
hereafter, as now, be at perfect liberty to 
dispose of their means in whatever way, 
wisely or unwisely, they see fit; only the 
disposition they make of it is to appear 
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distinctly and visibly in the returns, with 
a.view to its being generally and correct- 
ly understood. 

Should the measure now submitted, or 
any suitable substitute for it, become a 
law, the Commissioners are prepared to 
state exactly the course they propose to 
pursue. Under any effective measure, 
some one, presumably this Board, must 
be authorized to prescribe a system. To 
secure the most acceptable general re- 
sult, the Commissioners would, at a suit- 
able time, call together the representa- 
tives of the various roads, and request 
them to select from their own account- 
ants a committee to prepare and report 
on a common system of book-keeping, 
with a body of rules for securing the ut- 
most attainable uniformity in entries. 
This could better be accomplished by 
those representing the corporations them- 
selves, than by any outside authority ; 
and it is of comparatively small import- 
ance what system or what rules are fixed 
upon, provided they be uniform and in- 
telligible. A general supervisor of rail- 
road accounts would then have to be ap- 
pointed. As the voluntary and friendly 
cooperation of the railroad corporations 
is of the utmost importance in this mat- 
ter, and, indeed, essential to an early 
success, this appointment also should, if 
— be made acceptable to them. 

f they could agree in recommending a 
proper and competent man, he should be 
appointed. These preliminaries accom- 
plished, it would only remain, on the first 





of next October, to set the machinery in 
motion. Thereafter, new questions must 
be settled as they present themselves. 
The aim of the Commissioners would, 
therefore, be to have this reform practi- 
cally brought about by the voluntary ac- 
tion of the corporations; the law merely 

iving a necessary motive to it, and the 

ommissioners acting as the medium 
through which it may be rendered cer- 
tain that some action will be had. 

There would seem to be but two 
sources from which any oposition to a 
reform of this character can be antici- 
pated. It may come from those whose 
past or future operations it would ex- 
pose to a scrutiny they cannot bear, or 
from the vestiges of private railroad 
conservatism. Objections from neither 
source would seem to be entitled to any 
weight. Meanwhile, the whole body of 
legitimate investors in railroad securities 
are most directly interested in a move- 
ment so calculated to save them from a 
repetition of the frequent and scandalous 
disasters of the past. The public is not 
less directly interested in having that 
accurate information of the doings and 
conditions of its transportation agencies 
which is now impossible to procure. 
Finally, all honest and well-disposed 
railroad officials and directors are inter- 
ested in the development of a system 
which will render fraud difficult, and 
and give to each company and its man- 
agement such credit as is justly its 
due. 





WHAT IS STEEL %* 


By A. L. HOLLEY, C. E. 
From “ Engineering and Mining Journal.” 


Tue general usage of engineers, manu- 
facturers and merchants is gradually, 
but surely, fixing the answer to this 
question. In every country rails, boiler 
pm and machinery bars, whether 
ard or soft, are almost universally 
called steel, when they are made from 
cast inyots. Other names for the softer 
steels, such as homogeneous metal,” 
“Bessemer iron,” “Martin iron”. and 





* A paper read before the American Institute of Mining 
Engineers. ° 





the like, have failed to obtain general 
recognition. 

The meaning of the term steel, before 
it was pesca | to cover newly develop- 
ing varieties, has been traced, by a re- 
cent writer, down through Percy, Shak- 
speare and the Bible, in a most interest- 
ing manner, from an archeological point 
of view. Undoubtedly, it did character- 
ize hardness and other qualities imparted 
by carbon. It is within the memory of 
most of us, that all steels were tool 
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steels, and that the soft, structural varie- | 
ties were introduced—varieties which | 
harden but little, which bend cold, and 
which, in many physical properties are 
akin rather to wrought iron than to tool 
steel. But, since both the hard and the 
soft steels are made by the same process- 

es, and have their great, distinguishing | 
structural feature in common, viz.: hom- 
ogeneity resulting from fluidity, it has| 
come to pass, despite every other pro-| 
posed nomenclature, that all the com-| 
pounds of iron which have been cast in 
malleable masses, are called steel, the 
term wrought iron being still confined 
to malleable iron made from pasty 
masses, and hence laminated in structure. 

No inconvenience has been found, so | 
far, in distinguishing between the more 
or less carburized products, in general, 
by the terms “high steel,” “low steel,” 
“tool-steel,” &c., and, in particular, by | 
prefixing the percentage of carbon and 
other ingredients, to the term steel. 
Steels which contain distinguishing in- 
gredients, other than carbon, are called 
“chrome-steel,” “titanium-steel,” and | 
the like, just as variously compounded | 
bronzes are called “ phosphor-bronze,” 
“aluminium-bronze,” &c. Thus the! 
combination of several words or symbols, | 
and figures, may completely disclose the | 
characters of the metal, in terms that are | 
subject to no misunderstanding. 

But inasmuch as several high metal-| 
lurgical authorities and clever writers | 
have of late proposed to disturb this nat- 
ural and somewhat settled nomenclature, | 
it seems important to consider the claims | 
of the various classifications. I shall at- | 
tempt, in this paper, to show that the 
existing classification is more scientific | 
and more convenient than any other, and | 
those others which have been most pro- 
minently brought into public notice are | 
radically defective. 

(1). e most common objection to 
the existing enlargement of the term 
“steel,” so as to include the soft steels, | 
is that it “ pirates” a time-honored term, 
and applies it to a thing which is very 
different in many of its qualities. People 
who know nothing about steel, except as 
they use it in cutting instruments or read 
about it in classic authors, say that it is 
brittle, hard and resilient, and -they 
are much shocked to hear that it may 
also be soft and ductile ; just as any one 


new definitions, against the ee 


who knows nothing about indiarubber, 
except in the form of springs, would be 
astonished to find that one change in 
manufacture turns it into waterproof 
clothing, and another, into hard, erystal- 
line instruments and jewelry. The 
terms “hard rubber” and “ soft rubber,” 

as used in technical literature and com- 
merce, have not given rise to any serious 
misunderstandings. People who do not 
know that the great bulk of the material 
made by steel processes, and having 
every ingredient and structural arrange- 
ment of the old steels, is, nevertheless, 
soft and ductile, and that it would be 
unsuitable for rails, plates, and the like, 
if it were not soft and ductile, are not 
to. be considered authorities in this dis- 
cussion, any more than a painter in coal 


tar, would for that reason be an authori- 
ty on analine colors. 


Where a material is gradually devel- 
oped into new forms and qualities, there 
must be some general name to cover the 
various classes of metal.; and whether it 
is better to enlarge the boundaries of the 
old one, or to arbitrarily make a new one, 
which new one must, from the nature of 


| the case, merge into the old one, there 


being no natural dividing line, will be 
further considered throughout this paper. — 
I venture to assert here that the charge, 
specially brought by the inventors of 
use 
of the term “steel”—the charge of up- 
setting the recognized order of things— 
is wholly without foundation. Nobody 
invented the term “steel,” as applied to 
|the soft homogeneous products. There 
has been no natural or obvious place in 
the gradual gradation from hard to soft 
steels, to inject a new definition. As the 
possibilities of the crucible process were 


‘enlarged, the first soft product was 


hardly more than a variation from stand- 
ard carburization; the early Bessemer 
‘and Martin steels, as produced in a suc- 
cessful commercial way, were hard, and, 
in fact, it is only quite recently that re- 
fractory materials have been adopted, 
by means of which the slowly receding 
standard of carbon in cheap steels, has 
reached a tenth of one per cent. The 
same general name has been thus neces- 
sarily preserved, for the products of the 
same process, but its boundaries have 
been enlarged to admit new varieties, 
and a gradual growth of sub-classifica- 
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tion. Sothat whatever the merits of any 
arbitrarily devised nomenclature may be, 
it must bear the demerit, whatever that 
is, of upsetting existing order and de- 
velopments. 

(2). A more common form of this ob- 
jection is that a blacksmith would not 
recognize the soft metal as steel. “A 
blacksmith,” it is said, “calls that steel 
which will harden and temper, and 
blacksmiths ought to know what steel 
is.” There are various answers to this 
objection : 

I. If familiarity with soft, coking coal 
teaches a blacksmith how to burn highly 
carburized anthracite in his smithy, 
then his knowledge of highly carburized 
tool-steel ought to teach him what soft 
steel is. Hard coal is none the less coal 
because it does not respond, like soft 
coal, to a blacksmith’s coking process, 
nor is soft steel any the less steel, because 
it does not respond like tool-steel, to his 
hardening process. Anthracite coal was 
introduced long after bituminous coal 
was in general use, and the “ pirating” 
of the time-honored name “ coal,” to de- 
scribe this material which is so different 
in many of its qualities, has not led to 
any vast inconveniences. It may be 
said that the parallel is incomplete, be- 
cause both hard and soft coals are really 
the same thing only changed in compo- 
sition and structure by natural process- 
es, and that they both respond to the 
practical test—the influences of heat and 
oxygen. So are hard and soft steel the 
same thing, only changed in composition 
and structure by natural laws ; and so 
do they both respond to the influences of 
heat and oxygen. Coals are, in fact, 
more diverse than steels in their carbu- 
rization, structure and strength, and in 
their requirements of treatment. If old 
nomenclature is to be held as a final cri- 
terion, then the modern condensing 
steam-engine should be a “ low-pressure 
engine.” The fact is, on the contrary, 
that it is as often “high pressure” as 
—~ non-condensing engine. 

he determination of previously un- 
known intermediate forms and functions 
is constantly enlarging the boundaries of 
all general classifications, and introduc- 
ing sub-divisions ; hence the criterion of 
old classifications is inadequate and 
worthless. 

Il. If hardening in water is the deter- 





mining characteristic of steel, who is to 
define “hardening?” As a matter of 
fact, all products of the crucible, Besse- 
mer vessel, open-hearth furnace and 
feeding-furnace, containing about a 
quarter of a per cent. of carbon, will 
perceptibly harden in water, just in pro- 
portion to the carbon contained ; and 
every one of them, however little carbon 
it contains, will harden in some degree, 
so far as existing tests can determine. 
If the product will make a tool, it is 
steel,” says the blacksmith. What kind 
of atool? Is an agricultural tool iron, 
and a cold chisel steel ; or does steel be- 
gin between cold chisels and razors, and 
if so, where? A water-hardened tool 
perfectly adapted to certain uses may be 
made of Bessemer steel pone half 
a per cent. of carbon. The same Besse- 
mer ingot may make a good rail. If 
one-half the ingot is steel, why is the 
other half iron? The line must be so 
defined that people will agree upon it. 
Does it lie between thirty hundredths and 
thirty-one hundredths of carbon, or be- 
tween ninety-nine hundredths and one 
per cent ? 

Obviously, no two men can agree on 
the amount of any hardening element 
which may constitute steel. And if 
they could agree, it would only be after 
@ quantitative analysis had been made in 
all close cases. 

III. A recent writer makes a number 
of ingenious objections to the use of the 
word ‘‘ steel” for all compounds of iron 
which are cast into malleable masses. 

I. The term “steel” is said to be so 
vague that some words must be added 
to it to indicate the very dissimilar 
classes of steel, and the necessity for 
this explanation is deemed objection- 
able. 

This objection is best answered by its 
author, who says that it is desirable to 
discriminate between the different classes 
of iron, and proposes the following brief 
and convenient nomenclature :—“ Cast 
steel, welded steel, homogeneous 
wrought iron, homogeneous iron, welded 
wrought iron, puddled steel, puddled 
iron, blistered steel, Bessemer steel, 
Bessemer wrought iron, open-hearth 
wrought iron, Uchatius steel, Uchatius 
wrought iron, crucible steel, crucible 
homogeneous iron, &c.” This classifica- 
tion, he says, shows whether the metal 
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“has the properties given by carbon.” 
Now, every one of these metals has pro- 
perties given by carbon. The percent- 
age of carbon must be mentioned any- 
how, so why not briefly say twenty-car- 
bon steel or forty-carbon steel, and so 
denote both its carbon value and its 
homogeneity ? 

The objection, in its common form, is 
that the one word “steel” does not, 
without further explanation, define the 
various classes of metal referred to. 
Neither do the words “oil” “coal,” 
“rock,” “brass,” nor great numbers of 
general names express the sub-classes 
referred to; nor can any word or any 
simple sentence define them all. The 
objection holds equally against all possi- 
ble general classifications, and the only 
way to avoid it here is not to have any 
general classification in. the iron business. 

II. The writer referred to objects to 
calling the soft homogeneous compounds 
“ steel” because it is sometimes difficult 
to tell whether they were made from 
cast or from pasty masses. It is true 
that a well-worked puddled iron, rather 
high in carbon, and a low steel with 
about the same carbon, cannot be dis- 
tinguished very easily by means of 
ordinary observation and simple tests. 

I will, in answer to this objection, 
quote the same writer, who admits the 
impossibility of any perfectly adequate 
definition by saying that “ classifica- 
tions are based on important differences 
between the classes the separate, and 
not on the facility of distinguishing those 
classes sharply.” Now, there are im- 
portant structural differenees between 
puddled irons and cast steels which look 
alike—differences which will make them- 
selves known after sufficient stress and 
wear ; but is the difference between two 
steels varying only by a hundredth of a 
per cent. of carbon, one of these “ im- 
portant differences,” upon which an 
adequate classification may be based ? 

The real answer to the objection, how- 
ever, is this :—Admitting, for the sake 
of argument, that a considerable range 
of wrought irons and low steels cannot 
be distinguished by the observation of 
their fracture, nor by bending, nor by 
the usual quick mechanical tests—people 
do not largely purchase iron and steel 
by sampling individual pieces, as they 


would cigars ; they purchase by specifi-' 





cation of manufacture ; for instance, the 
Pennsylvania R.R. Co. specifies 0.35 car- 
bon steel for its rails, meaningly “ steel,” 
that it shall be homogeneous or cast ; 
and from 0.30 to 0.40 carbon is recogniz- 
ed by makers and users generally as the 
proper percentage for rails. I note this 
fact here to correct the writer whose ob- 
jection Iam quoting. In trying to ex- 
plain away the fact that such rails are 
recognized as steel, he says: “ Railway 
managers do not care much about the 
degree of carburization of rails.said to 
be steel, provided they are absolutely 
weldless.” 

The practical usefulness of a name 
does not, therefore, lie so much in its dis- 
crimination between metals after they 
are made, as in ——s the method 
and quality of their manufacture. Rails, 
plates, bars, and iron and steel generally 
are ordered on the understanding that 
they shall be fabricated by processes and 
of ingredients which are known to have 
yielded certain endurances to long con- 
tinued stress and wear. If purchasers 
themselves do not specify the ingredient 
and processes they want, they specify a 
name and grade of metal, such as “0.60 
carbon Martin steel,” which refers the 
manufacturer to such ingredients and 
process; so that the name completely 
meets the requirements of the case. 

Supposing even that it should be, not 
difficult, but impossible to distinguish 
between certain grades of steel and 
wrought iron by the most searching me- 
chanical and chemical analyses—it can 
probably be determined in all cases from 
synthesis. Lawsuits arise as to the com- 
position of material substances about 
which we have no synthetical record, 
such as a late suit about a certain paving 
stone, based on the question as to wheth- 
er it was trap-rock, or a sandstone alter- 
ed by the trap-rock that flowed over it. 
But there are almost always suflicient 
records of manufacture to determine 
whether a metal has been cast or welded. 
This, however, is an extreme case ; per- 
haps it is one that could never occur. 
Destructive tests, can, I believe, determ- 
ine in every case whether a metal was 
cast or welded. In the great majority 
of cases the most simple tests can dis- 
tinguish iron from steel, as at present 
defined, so that practically the existing 
classification is entirely adequate. 
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III. The writer we are quoting misin- 
terprets the current definition of steel, 
as calling for a product which is better 
than wrought iron ; and then he attacks 
the definition by saying : “ Who would 
call cold-short Bessemer ingots, on the 
whole, superior to the best Swedish 
iron?” Nowas cold-short ingots are al- 
together nid until they have been recon- 
structed, we must admit that “a living 
dog is better than a dead lion.” The 
bearings of his observation do not lie in 
its application. 

TV. Another objection from the same 
source, that the current definition ex- 
‘cludes certain classes of iron heretofore 
called steel, such as “blistered steel,” 
“ puddled steel,” &c.—is at first sight a 
valid one. But should not the same ob- 
— also be valid against the old and 

imited meaning of the term “ steek” ? 
Does the mere fact that “ puddled steel,” 
so called, is carburized more than the 
usual products of the puddling furnace, 
although less than tool steels—does this 
mere fact of a little more carburization 
really define steel, according to the old 
restrictions of the term, despite the fact 
that the product, so called, has a totally 
different structure which renders it unfit 
for tools and for most other things that 
steel is used for? If, then, the term 
“ puddled steel” should be excluded un- 
der the old classification, surely the 
classification now current must not be 
held responsible for its exclusion. 

V. Again, classing homogeneous irons 
high in carbon and those low in carbon, 
under the same name—“ steel ”-—is ob- 
jected to, because the range of proper- 
ties and uses due to variations in carbon, 
are much greater than those due to va- 
riations in homogeneity. Hence the 
classification, it is said, should be based 
on carbon and not on homogeneity. 
Every malleable iron, whatever it is call- 
ed, contains carbon in some proportions, 
from a trace to the highest attainable 
solution, and since these combinations 
and the properties they impart, form a 
regular series of variations, running into 
each other, there can be no general car- 
bon classification, except by drawing an 
arbitrary line at some carbon percentage. 
Now (lst) as the irons for some distance 
on both sides of this line cannot be thus 
distinguished, except by minute analysis 
in every instance ; (2d) since synthesis, 





which is the practical matter, cannot be 
based on a carbon specification alone, 
because it would omit the vital feature 
of homogeneity, upon which depend, for 
instance, the advantages of steel rails 
over iron rails ; and (3d) since a classifi- 
cation based on homogeneity furnishes 
means for distinguishing between pro- 
ducts, while it also affords, with the ad- 
dition of the carbon percentage, a per- 
fect basis for synthesis—for these rea- 
sons I fail to see why a carbon basis, 
which must be arbitrary and revolution- 
ary, could be useful or desirable. (4th) 
No less prominent an authority than 
Whitworth has proposed to divide 
wrought iron from steel at the point of 
twenty-eight tons tensile strength. This 
classification is open to all the objec- 
tions we have urged against the equally 
unnatural and arbitrary carbon classifi- 
cation. How would Mr. Whitworth like 
to order gun-steel by this definition ? 
Any steel-maker can produce a metal so 
full of phosphorus and silicon that it will 
fly into pieces under a sudden blow, and 
yet it will stand over twenty-eight tons 
statical pull. A steel made with very 
small proportions of carbon and manga- 
nese, to the almost entire exclusion of 
phosphorus and silicon, would safely 
stand the severest blows, and stretch per- 
haps thirty per cent. before breaking, 
but still it might barely reach twenty- 
eight tons tensile strength. A puddled 
iron totally unfit for guns, plates and 
rails, might stand twenty-eight tons 
statical tension, while the most pure and 
costly product of the crucible might fail 
under it. The former, according to this 
classification, would be steel—the latter 
wrought iron. (5th) It has been stated 
that what is known as “ malleable iron ” 
will confuse the existing classification. 
Seeing that iron is remanufactured into 
malleable iron by a subsequent process, 
and not cast while in a fluid state into a 
malleable mass, as our specification de- 
mands, this objection is absurd. With- 
out answering the more trivial objections, 
let us consider what we are to do if we 
give up the existing classification. 

I. The old and restricted term “steel ” 
indicated certain properties, such as re- 
silience, hardness, &c., in an indefinite 
degree, which were imparted by that in- 
definite amount of carbon which gave 
hardening and tempering qualities. Now 
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what shall we call the structural steels ? 
We cannot call them wrought iron 
because they have all the enumerated 
features, even hardening and tempering 
in a gradually lessening degree, as car- 
bon is diminished ; and the features are 
not characteristic of wrought iron. Be- 
sides, wrought iron totally differs in 
feature of homogeneity, and is rapidly 
prene: out of use to make room for the 
omogeneous compound, 

II. We may call these compounds 
“homogeneous iron,” but we must then 
add the percentage of carbon, and des- 
ignate them as “ ten-carbon homogeneous 
iron,” up to, say “ fifty-carbon homogene- 
ous iron,” for there is a vast range of 
grades and uses between these carburiza- 
tions. Now, is it not easier to say “ten- 
carbon steel” up. to “one hundred and 
fifty carbon steel,” thus including all the 
varieties of ingot metal? And is the 
general public likely to agree that 
“homogeneous iron” means metals made 
from ingots, up to a certain arbitrary 
point of carbon, which nobody can de- 
termine without analysis, when beyond 
this point, ingot metal, made see in 


the same way and by the same furnaces 
and processes is “steel”? The incon- 


venience of such a nomenclature is illus- 
trated by certain streets in London, 
which are called by one name up toa 
certain number, and by another name 
the rest of the way—a very inadequate 
illustration, for one can sometimes find 
a Jabel on a street, without making a 
quantitative analysis. 

6. As the author referred to, whose 
objections I have endeavored to answer, 
has offered, not dogmatically, but for 
discussion, a new definition of steel, and 
has advocated its claims with much 
learning and ingenuity, I think we ought 
to examine it in some detail. He defines 
steel as “a compound or alloy of iron 
whose nodulus of resilience can be ren- 
dered, by proper mechanical treatment, 
as great as that of a compound of 99.70 

er cent. of iron with 0.30 of carbon can 

by tempering.” This is substantially 
an arbitrary division at the carbon point, 
30 per cent., of all malleable iron com- 
pounds, whether made by wrought iron 
processes or by steel sarees The 
chief reasons appear to be (1) that this 
division somewhat corresponds to the 
distinction made between wrought iron 
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and steel at a time when there were no 
soft steels ; (2) that the carbon point, 
0.30 per cent., is a “somewhat critical 
point in the curve representing the de- 
grees to which differently carbonized 
varieties of iron possess the properties 
which are most affected by carbon ” ; (3) 
that resilience being the chief attribute 
of steel, it should for this reason form a 
basis of classification. 

I. It is difficult to understand why 
scientific men should be willing to sacri- 
fice a natural classification, which has 
sagen out of the necessities of the case, 
or one that is unnatural and arbitrary, 
on the ground that it embraces species 
which are unlike the earlier species, al- 
though of the same genus. It is hardly 
necessary to repeat what has been said 
again and again in the foregoing pages 
on this subject. 

IIL. If the 0.30 carbon point is a criti- 
cal one, which I have not practically 
noticed, and which, for the purposes of 
this paper, need not be discussed, it is 
stated to be a point in a curve, which 
must be arbitrarily placed, and not the 
point of an angle, which might distin- 
guish homogeneous from welded masses. 

III. As to resilience being the most 
important quality of steels, and for that 
reason the proper basis of classification, 
it is unnecessary to discuss this claim 
for resilience here. The question is 
whether the importance of a quality can 
make existence of that quality a definite 
basis of classification when it exists in 
both classes, gradually increasing in one 
and decreasing in the other, and being 
practically the same near the dividing 
line. 

To sum up once more, the answer to 
this and to all the cases of arbitrary 
classification : Exact definitions must be 
based on differences which always exist 
in every form and phase of the materials 
defined, and not on differences which, 
however great they may be in certain 
forms and phases of the materials, run 
together at one point, and there cease to 
be differences. If we divide steel from 
wrought iron by an arbitrary line of per- 
centage of any ingredient or of modifi- 
cation due to any ingredient, there must 
be some point at which the difference 
between steel and wrought iron is infin- 
itely small. If, however, we define 
steel as a compound made homogeneous 
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by fusion, while wrought iron, although 
the same in composition, is heterogene- 
ous from welding, there is always and at 
every grade of the respective materials, a 
large and radical difference. Casting 
fluid steel and welding pasty iron are 
always distinct in their characters and 
results ; they do not at any point shade 
into eachother. The latter classification 
is, therefore, exact and complete. 

A very serious objection to the 
‘proposed division is that it occurs at a 
point about midway in the range of 
structural steels. It would be less incon- 
venient, though not less unscientific, if 
it divided the general class of structural 
steels from the more ordinary grades of 
tool steels. Of a pair of locomotive 
tires, both made by the same process, 
out of the same materials, and contain- 
ing as nearly as practicable 0.30 carbon, 
one might be steel and the other wrought 
iron ; or a pair of locomotive tires might 
both be steel, the one having been weld- 
ed up from scrap and the other drawn 
from a cast ingot; or, one end of the 
same ingot might be steel and the other 
end wrought iron, the first having been 
hardened, and the other annealed. The 
convenience of such a nomenclature is 
not obvious at first sight. 

The author of the proposed definition 
we are criticising has so vividly por- 
trayed the disastrous confusion which 





would arise from changing a settled 
nomenclature that I can hardly do better 
than quote him in this connection. He 
says :-—“It isa ve nag change in the 
meaning of a word that is inevery man’s 
mouth—a change in which the interests 
of the whole civilized world are affected, 
and in contemplating which the con- 
venience of all mankind is to be con- 
sidered. The natural conservatism of 
language would prolong this painful 
period of change to a most unpleasant 
length. Moreover the confusion would 
not end till the change had been, well 
established in the other languages of the 
civilized world. In meeting the word 
‘steel’ in specifications, contracts, and, 
indeed, all lieeratare, whether technical 
or not, whether English or foreign, it 
would be necessary to determine whether 
it had been written before or after the 
change had been effected.” 

In conclusion, it seems hardly neces- 
sary to again sum up what has been 
chiefly a reiteration in different forms of 
answers to criticisms on the present en- 
larged use of the term “steel,” and of 
the one great objection to the nomen- 
clatures, that they are fatally indefinite. 
The names of new materials and pro- 
cesses, like the laws of trade, are not 
fixed by the arbitrary edicts of philoso- 
phers, but they are gradually developed 
to meet the general convenience. 





A BALLOON WITH POWER. 


From “The Builder.” 


On the 24 of February, 1872, M. 
Dupuy de Lome made a satisfactory 
ascent from Paris in a balloon construct- 
ed by him, and provided with a screw 
for propelling and steering it. The 
screw was then worked by manual 
power, and the rate of progress was 
comparatively slow. M. Dupuy de 
Lome expressed at that time his belief 
that its speed might be increased if, in- 
stead of the weight of the eight men 
working the screw, an eight-horse-power 
— were taken into the car. The 

y drawback to such a plan was the 


liability of the engine to set the balloon 


on fire. According to a communication 





in the Jahresbericht des Physikalischen 
Vereins zu Frankfurt, 1875, an import- 
ant step in advance in this direction has 
now been taken. Herr Hanlein, civil 
engineer, of Mayence, has invented and 
constructed a balloon driven by a gas- 
engine. He has proved by his inven- 
tion that, by increasing the size of the 
balloon and by other improvements, an 
increased rate of speed may be attained. 

If we suppose a screw-steamer cut off 
just above the water-line, so that it 
moves only in one element, viz., water, 
that it finds its resistance in water, that 
the point of attack for its driving ar- 
paratus lies in it, and that its helm like- 





JT, Ff i FF = 62S ae oe ee a ee 


A BALLOON WITH POWER. 


355 





wise acts there, this case is perfectly 
analogous to the movement of a balloon 
which may be driven and guided in the 
air. Of course, the driving apparatus of 
a balloon has to overcome a very much 
smaller amount of resistance than a 
vessel moving in water; but, in the 
same proportion, the resistance which a 
body propelled in the air meets with is 
less than when it is moved in water. 

The impetus in boundless water or 
boundless air is calculated according to 
the formula : 

3 
P=>.2 .F. 
2 29 F.y, 

in which 2 is a co-efficient dependin 
upon the form of the body ; v, the ore | 
of the body ; F, its greatest cross-sec- 
tion ; y, the density of the medium ; g, 
the weight of the earth. 

It will be seen from this formula that 
the impetus for congruent bodies, with 
equal velocity, depends solely upon the 
density of the medium in which they are 
immersed. The density of air being rtv 
of that of water, the resistance a vessel 
propelled in air meets with, compared 
with that of another vessel propelled in 
water, is in the same proportion. In like | 
manner, the pressure of the screw against | 
air amounting to only rts of its pressure 
against water, and the resistance of the 
propelled body and the pressure of the 
screw being less, at the same rate, in air 
than in water, the final result, velocity, 
is the same. 

Without (for the sake of simplicity of 
theoretical examination) taking account 
here of the coefficients modifying those 
relations, it may be said that the force 
necessary for moving a body in the air 
is only stv of the force which must be 
applied to move a similar body with the 
same velocity in water. 

A like relation exists also between the 
bearing capacity of the balloon and that 
of the ship. ship, for instance, the | 
volume of which under water amounts 
to 1,000 cubic metres, has a bearing 
capacity of 1,000,000 kilometres, while a 
balloon of the same dimensions, filled 
with hydrogen, is capable of carrying 
only 1,250 kilometres, or sts of the 
capacity of a ship. The balloon motor 
absorbs in weight about the same per- 
centage of the balloon’s carrying capacity 
as the ship’s engine does of the carrying 











power of the ship. Supposing a screw 
steamer and a balloon to have the same 
dimensions, the latter will require only 
sou of the power of the ship’s engine in 
order to attain a speed equal to that of 
the ship. In this case, it is supposed 
that the effect of the air screw is equal 
to that of a water-screw. But as it is 
not possible to make the sides of a 
balloon as smooth as the sides of a ship, 
the meshes of the netting causing small 
bulgings, though only on the upper sur- 
face of the balloon, and thus increasing 
resistance to its movement, its speed will 
be fe eee sof less. 

itherto there has been a want of 
motor in the use of which the weight of 
the necessary mechanism stands in the 
same proportion to the carrying power 
of a balloon as, for instance, the weight 
of the boiler with contents and fuel to 
the carrying capacity of a steamship. 
Hanlein, in the first instance, obtained a 
patent (in 1865) for the combination of 
an air-screw and gas-engine for the loco- 
motion of balloons, and incladed in this 
patent the application of a smaller 
balloon, filled with air, which, in the in- 
terior of the balloon proper, served the 
purpose of preserving the form as well 
as the volume of the latter. The smaller 
balloon acts in two ways. As soon as 
the balloon reaches the higher strata of 
the atmosphere, the gas with which it is 
filled expands, expelling a corresponding 
quantity of air from the inner, smaller 
balloon. In the case of the consumption 
of gas for the supply of the gas-engine, 
the inner balloon expands by taking in 
atmospheric air by the action of an air- 

ump. 

In 1870, Hanlein constructed his first 
model, with a length of balloon 38.94 ft. 
He was enabled to carry out his plans by 
the generosity of a few rich Frankfurt- 
ers, who provided the necessary funds in 
the interest of science. The first axperi- 
ments with the model were made in the 
following year at Mainz, and Hanlein’s 
principle was found in practice not only 
perfectly sound, but it led to the conclu- 
sion that, with a balloon constructed on 
a large scale, it would be possible, by 
means of a gas engine of corresponding 
size, to attain a speed which would per- 
mit of overcoming, throughout the year, 
with few exceptions, the velocity of the 
wind. In 1872, Hanlein constructed a 
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second, larger, balloon, capable of carry- 
ing, besides the necessaay apparatus and 
outfit two persons, 

This balloon, of the form of a rotatory 
body, with a longitudinal section like the 
water-line of a ship, has a length of 
166.32 ft., and a diameter of 30.36 ft. 
The covering of the balloon consists of 
closely-woven silk, having a thick layer 
of caoutchouic inside and a thinner one 
outside. The ten strips forming the 
balloon are ponies perfectly gas-proof 
by means of strips 1.18 in. wide of a 
similar nature. The balloon is surround- 
ed by a net, the meshes of which are 
3.94 ft. square. Each mesh is connected 
from the terminal meshes of the sides 
with a cord 6.6 ft. long. Each twelve 
of such cords are united in a loop, and 
from each of these loops a stronger rope | 
leads to the car. The back cords do not 
lead direct to the car, but unite at a 
strong cross-beam 15.84 ft. long, forming 
the space required for the play of the 
screw. All the ropes leading from the 
car to the net meet the balloon tangen- 
tially. To prevent the horizontal strain 
exerted by the front and back ropes 
upon the car, they are, running under 
the car, connected by other ropes diago- 
nally with each other. Thus the whole 
— of thevcar rests ina perfect net- 
work of ropes, the car being further sus- 
pended at a number of other points, 
thus reducing the strain upon the appara- 
tus to a minimum. Between car and 
balloon, 18.15 ft. under the balloon 
axis, is a frame, of such a form that the 
ropes connecting the car with the balloon 
cross the frame tangentially, and thus 
may be fastened on to it. This frame 
carries the side-posts and stays support- 
ing the steering-apparatus and cross- 

ieces for the transmission of the steer- 
ing, and serves for a resting-point for 
four stays connected at their lower ends 
with the car. Two buffers, fastened un- 
derneath the car, protect the screw in 
case of the balloon touching the ground. 
All the supports, stays, &c., are made of 
very light soft wood, and are of the 
shape of fish-bellied bearers. They con- 
sist of four rods, which are held together 
by cross-pieces (crosses or rings) at in- 
tervals of 11.8 in. 

Besides the usual inlet and. escape 
valves for gas, the balloon is provided 





with two safety-valves, which open at a 


pressure sufficient to keep the balloon 
perfectly tight and extended. In the 
interior of the balloon is the smaller 
one, already mentioned, filled with air. 


The gas-engine consists of two pairs 
of horizontal cylinders, acting upon a 
common crank-axie, by means of four 
cranks. Each two of them are opposite 
to each other, and form with the two 
others right angles. By this arrange- 
ment the pitching which would other- 
wise be caused by the forward and back- 
ward movements of the pistons is neu- 
tralized to a great extent. The screw 
is secured to the extremity of the crank- 
axle. The explosions are effected by 
the electrical spark of an induction ap- 
paratus. The engine is a Lenoir en- 
gine, its parts being made hollow, to re- 
duce the weight of the whole. It makes 
ninety revolutions per minute. The di- 
ameter of the cylinders is 6.3 in. ; that 
of the screw, 15 ft.; the pitch of the 
latter, 20 ft. The screw has four 
blades, and is in form like Griffith’s 
screw. The sides and ends of the 
cylinders are surrounded by cold water, 
to prevent them from being too highly 
heated. As but little water can, how- 
ever, be carried, it is conducted from 
the cylinders in so-called coolers along 
the car. In these coolers the heated 
water comes into contact with the air 
passing through them. An aliquot part 
of it evaporates as the rising power of 
the balloon diminishes in consequence 
of the consumption of gas. The cooled 
water is brought back to the cylinders 
by two pumps, driven by the engine. 

e cooling surface is large enough to 
ensure an ample supply of cooling 
water, about 150 lb. being a sufficient 
store. The engine takes the gas it con- 
sumes direct from the larger balloon. In 
proportion as the consumption of gas 

oes on, the inner, smaller balloon must 

extended by air. 


The cubic spaces of the balloon, as 
measured by a meter, is 25,922 cubic 
feet. From this, the carrying power 
may be calculated as follows : 

Lb. 


If the balloon is filled with gas of 0.50 sp. gr., it is 3,123 
If the balloon is filled ‘with gas of 0.45 sp. gr., it is 3,440 
PA he meh hy byt pa etd 2 it is 83,756 
If the balloon is filled hydrogen gas it is 5,823. 


The weights to be carried are : 
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Supposing the specific gravity of the 
gas to be 0.45, there Will Yeatin 628 
lb. for two persons and their equip- 
ment. 

At the experiments carried on at 
Brunn, the gas used was so heavy that 
the car had to be considerably lighten- 
ed before it would carry two persons. 
On that account a regular ascent could 
not be made, and the balloon was se- 





cured by ropes, and propelled by the 
engine a distance of nearly 2,000 ft. It 
was found that the engine acted per- 
fectly satisfactory ; the balloon moved 
with the wind, and against the wind, 
was propelled in a circle by means of 
the steering apparatus, and was perfectly 
manageable. In being propelled against 
the wind, a good rate of speed was at- 
tained. The engine consumed per hour 
from 70 to 75 cubic feet of gas, and 
from 20 to 25 lb. of cooling water. 


It will thus be seen that, if all the 
parts are made still lighter, and lighter 
gas,—for instapce, hydrogen gas,—is 
used, and the balloon is made of larger 
dimensions, a high rate of speed seems 
possible. 





ON THE EFFICIENCY OF BELTS OR STRAPS AS COMMUNI, 
CATORS OF WORK. 


By Prorzsson OSBORNE REYNOLDS. 


From “The Engineer.” 


Ir has often been remarked that it 
seems to be impossible so to construct 
belts that they shall drive without slip- 
ey I am not aware that any reason 

as ever been given for this ; but, on the 
other hand, most writers seem to have | 
assumed that if the belt is made suffi-| 
ciently tight, so that the tension on the 
slack side is from one one-half to one- 
quarter that on the tight side, according 
as the strap is in contact with one-half 
‘or the whole of the pulleys, it will not 
slip. The object of this communication 
is to show that not only is a reason to be 
iven for this residual slipping, but that 
it follows a definite law, depending on 
the elasticity of the strap, and independ- 
ent of its tightness over and above what 
is necessary to prevent it slipping bodily 
round the wheel. 

When a pulley, A, is connected with 
another ec soy , by a belt, so that A| 
drives B, it is usual to assume that the | 
surfaces of the two pulleys move with | 
the same velocity, namely, the velocity 
of the strap ; and that the work commu- 
nicated from A to B equals this velocity 





multiplied by the difference in the ten- 


sion on two sides of the belt. This law - 
would doubtless be true if the strap were 
inelastic, and did not stretch at all under 
the tension to which it is subjected ; but 
as all straps are more or less elastic, it 
can be shown that this law does not 
hold rigorously, although with such an 
inelastic material as leather it is not far 
from the truth. 

Owing to its elasticity, the tight side 
of the belt will be more stretched than 
the slack or slacker .side, and will, in 
consequence, have to move faster. This 
is easily seen when we consider that 
each point on the strap completes its en- 
tire circuit in the same time, so that if at 
any instant a number of marks were 
made on the strap at different points, 
these marks would all return to the same 
points in precisely the same time ; for 
the velocity at each point would be 
equal to the length of strap which passes 
that point, and on the tight side this 
would be the stretehed length, whereas 
on the other side it would be the un- 
stretched length, and hence the two 
sides of the strap would move with 
different velocities, according to the de- 
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gree in which the strap is more stretched 
on the one side than on the other. 

Now the stretching of a strap will be 
proportional to tension, although the de- 
gree will depend on its side and the ma- 
terial of which the strap is composed. 
Let y 2 represent the increase in length 
per foot in a certain strap, caused by a 
tension of z lb. Then, if 7, and 2, rep- 
resent the tensions on the two sides of 
the belt respectively, the stretching on 
these two sides will be respectively pro- 
— to y m, and y 7,, and the dif- 

erence will be proportional to y (z,—7,). 


Therefore the velocities of the two sides 


will be in the ratio= +t (™— 7), 


Again, it is easy to see that the velo- 
city of the tight side of the strap must 
be equal to that of the surface of the 
pulley A which drives it ; whereas the 
velocity of the pulley B, which is driven 
by the strap, will be the same as that of 
the slack side of the strap ; and hence 
the velocities of the two pulleys differ in 


the ratio oo A na And since the 
turning effort of the strap on either 
pulley is the same, namely, z,— 7’, the 
difference of its tensions, the work done 
by A, which equals its velocity into this 
effort, will be greater than that taken up 


by Bin the ratio *+¥(— 7) gis 


excess of work will have been spent in 
the slipping, or more properly the creep- 
ing, of the strap round the pulleys. 
The manner in which this creeping takes 
place is easily seen, as follows :—The 
strap comes on to A tight and stretched, 
and leaves it unstretched. It has there- 
fore contracted while on the pulley. 
This contraction takes place quaduall 
from the point at which it comes on to 
that at which it leaves, and the result is 
that the strap is continually slipping 
over the pulley to the point at which it 
first comes on. In the same way with 
B; the strap comes on unstretched and 
leaves it stretched, and has expanded 
while on the wheel, which expansion 
takes place gradually from the point at 
which the strap comes on until it leaves. 

The proportion which the slipping 
bears to the whole distance traveled by 
the strap = y(z,—7,), which, as pre- 
viously shown, is the proportion which 





the work lost bears to the whole work 
done by A. From this it appears that 
the slipping and work lost are propor- 
tional to y, ¢e., to the increase which a 
tension of 1 lb. would cause in 1 ft. 
length of the strap; and hence, the 
more inelastic the material is, the better 
it is suited for belts. 

The actual amount of this slipping 
may be calculated when we know the 
elasticity of the belts. With leather it 
is very small. One belt, which had been 
in use about two years, and was 1.25 in. 
wide and #s in. thick—the usual thick- 
ness—increased in length by sixteen- 
thousandths under a tension of 100 Ib. 
From this example it appears that, for a 
leather belt of breadth 0 in. 


20 1 


¥ = 700,000 5 


1 
Hence the ratio of slipping = .0002 > 


(z,—z"*) ; and in practice 7,—7, varies 
from 20 lb. to 60 lb. per inch width of 
belt ; therefore the slipping = .008, or 
nearly 1 ;per cent. With new straps it 
manne | probably be more. With soft, 
elastic materials,.such as india-rubber, 
the slipping is very much greater. In 
some instances I have been able to make 
the driving pulley A turn twice as fast 
as the pulley B, simply in virtue of this 
expanding and apryenacey, | on the pul- 
leys. This shows at once how it is that 
elastic straps, such as can be made of 
soft india-rubber, have never come into 
use—a fact which is otherwise somewhat 
astonishing, considering for how many 
purposes an elastic connection of this 
sort would be useful. A similar expla- 
nation to the above may also be given 
for the friction occurring when elastic 
tires are used for the wheels of carriages 
and engines. The tire is perpetually ex- 
panding between the wheel and the 
ground. As the wheel rolls oa to the 
tire, it is continually elongating the part 
between it and the ground which is in 
front of the point in which the pressure 
is greatest. is elongation can only be 
accomplished by sliding the tire over 
both the surface of the wheel and the 
ground against whatever friction there 
may be; and similarly, towards the 
back of the wheel, the tire is contracting 
also against friction. Even when there 
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is no tire, if either the wheel or the 
ground is elastic a similar action takes 
place ; and hence we may probably ex- 
plain what is usually called rolling 


friction, which has been observed to take 
place no matter how true or hard the 
surface of the wheel and the plane on 
which it rolls may be. 





THE BAIE VERTE CANAL AGAIN! 


By THOS. GUERIN, C. E. 
Written for Van Nostrann’s MaGaZinz, 


I nave read Mr. Herschel’s communi- 
cation to this Magazine of February last, 
which is intended as a reply to my ar- 
ticle of January previous. He alludes 
to the errors contained in his late paper, 
and attributes the cause to the school in 
which he was trained ; that school hav- 
ing never taught him to use units of more 
than one denomination. 

With the exception of one passage, he 
does not attempt to dispute the accuracy 
of what was shown in my article of 
January. 

In questioning the accuracy of that 
passage, he says: “How the table on 
page 56 of this volume of this Magazine 
1s found, is still not clear. 

“For example, if v=n *a/?, certainly 
when v = 76.10 feet per minute = 1.302 
feet per second, and r = 1.612 feet per 

v 1.302 ° 
hour, the n = a7 1.173 = 1.109, in- 
stead of 0.550 as given, and similarly : 

“For v=38.56 feet per minute=0.643 
feet per second, and r = 0.945 feet per 
hour, it would seem that m should equal 
0.655, instead of 1.327 as given, all of 
which may be noted by future investi- 
gators.” 

Here, again, Mr. Herschel is in error 
as usual; for the table to which he al- 
ludes is entirely correct. I refer him to 
page 253 of Beardmore’s Manual of 

ydrology, from which the table was 
constructed. This is his own favorite 
book ; it having been his chief depend- 
ence in his late attempt to annihilate 
myself; it is, therefore, reasonable to 
suppose he ought to be thoroughly ac- 
quainted with it. He will find it there 
stated that the mean velocity of the 
flood stream below New Shot Isle is 78.10 
feet per minute, and the average velocity 
above New Shot Isle is 38.56 feet per 
minute. 





The geography of the place will show 
him that yee and Ciyde Bank are 
above New Shot Isle; while Bowling 
and Port Glasgow are below. 

His equation then will run thus: n= 

v 0.643 . : 
= 1173 =0.550, as already given in 
the table. Similarly at Port Glasgow, 
the number 1.327 is correct as given in 
the table, and not 0.655 as Mr. Herschel 
erroneously makes it. 

“He asks : “ What shall the profession 
do with a formula whose mainstay co- 
efficient bobs about, according to Mr. 
Guerin, from 0.550 to 1.3313, and accord- 
ing to me (as far as I at this time think 
it worth while to pursue it) from 0.655 
to 1.3313?” 

Iam sorry Mr. Herschel is unwilling 
to comprehend the nature of the coeffi- 
cient m. Once more and finally, I refer 
him to pages 241 and 242 of the Septem- 
ber number of this Magazine for 1874; 
also to page 55 of the January number, 
1875. He will there find that » does not 
“bob about,” that it has been theoreti- 
cally shown to be a constant quantity, 
that experiment has shown its value to 
be about 1:%%, and that the value 0.550 
is found in a locality adduced by himself 
in his paper to the American Society of 
Civil Engineers, and is foreign to the 
case; but the value 0.665 is not found 
in any case as is shown above. 

It is puerile to answer any more such 
criticism as this. A few words more and 
I shall have finished with Mr. Herschel. 

I compliment him on his profound 
knowledge of the Calculus as evinced in 
his description of my journey from 
Canada, and it may be that some one 
whose penetration is greater than mine 
can see its application to the subject in 
discussion. He refers to a friendly note 
he says he wrote to me in order to draw 
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out a discussion on this subject, but it 
was returned by the P. O. authorities, 
and endorsed “not found.” He forgets, 
however, to mention another friendl 
note which he did write to me, and whic 
I received, and have answered. 

This last note was written to me be- 
fore the pone of my last article, 
and after his having read the substance 
of that article in manuscript addressed 
to “The American Society of Civil En- 
gineers.” In this latter note he made a 
modest proposition which I declined. 

If he preferred a private discussion, 
why did he publish the last extraordinary 
article? On the whole, it is manifest 
he thought, in the first instance, that he 
had found a means of refuting the article 





on “The Baie Verte Canal,” as publish- 
ed in this Magazine in oe 1874, 
and on no account would he forego the 
— opportunity of doing so publicly. 

he tone of his paper has shown this ; 
for, however friendly that strayed note 
may have been, his paper commences by 
asserting that the article was “ mislead- 
ing”; was “a gross Hydraulic heresy ”; 
was “an illusion”; was “an assumption”; 
there was “no such law”; it was “an 
absurdity.” 

Gentlemen who have read the corre- 
spondence that has taken place between 
Mr. Herschel and myself, will now see 
that those florid assertions recoil like the 
boomerang on the party who has used 
them. 





CONDENSED AIR TRAMWAYS. 


From “Nature.” 


For some weeks the North Paris 
Tramways woe ses. Rae been trying on 
our 


the line from voie to the Arc de 
VEtoile a new system of locomotion, in 
which the motive power is compressed 
air. Some details of M. Mékarski’s (the 
inventor) system are given in the Revue 
retype, It is capable of considera- 
ble developments and of varied applica- 
tions, since it has solved in a-very satis- 
factory manner the double problem of 
theindustrial production of air condensed 
to very high pressures, and of the stor- 

e of the air in reservoirs intendéd to 
discharge into a cylinder placed in any 
apparatus whatever, at any distance from 

e condensing pump. 

The “Voiture Automatique” of M. 
Mékarski is characterized by the ab- 
sence of an imperial, and by a platform 
in front and another behind. is car 
carries the reservoirs of condensed air, 
the apparatus for distribution, and the 
cylinders, M. Mékarski places under 
the truck of the car the sheet-iron cylin- 
ders, which contain the condensed air ; 
on the front platform is placed the dis- 
tributing apparatus which the engine- 
man works; the two cylinders are 
placed, as in certain locomotives, outside 
the framework, horizontally, and act di- 





rectly, by means of a crank, on the front 
wheels of the car. No doubt this ar- 
rangement might be advantageously 
modified ; but the important point is the 
possibility of manufacturing compressed 
air in sufficient quantities to be of use as 
@ motive power. 

The condensing apparatus used by M. 
Mékarski consists of two pump-barrels 
of cast-iron, placed vertically, communi- 
cating respectively with two horizontal 
pump-barrels, in which move two pistons 
worked bya steam-engine. This is, in 
reality, a double condensing pump, the 
former bringing the air to the pressure 
of from ten to twelve atmospheres, and 
the second raising the pressure to twenty- 
five atmospheres. The pistons act upon 
a@ mass of water which compresses the 
air directly and absorbs by degrees the 
heat disengaged by compression. By 
an ingenious contrivance the supply of 
water is continually renewed, and the 
temperature thus kept down. But this 
arrangement does not absorb a sufficient 
amount of the heat disengaged, a diffi- 
culty which M. Mékarski has met as 
follows. The external air drawn into 
the pump raises a valve constantly 
covered by a layer of water of several 
centimetres ; besides, a large cast-iron 
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tube, constantly traversed by the air al- 
ready condensed and the excess of 
water, communicates with the two verti- 
cal pump-barrels ; finally, the second 

ump is fitted with a tap by which the 

eated water esca 

In M. Mékarski’s automatic car the 
compressed air is stored, under the truck, 
in sheet-iron reservoirs or cylinders. 
The total capacity is about 2,000 litres ; 
1,500 litres serve as an ordinary supply ; 
300 litres constituting a reserve; the 
remaining 200 litres are intended to serve 
asabrake. The airis compressed in the 
cylinders to the pressure of twenty-five 
atmospheres. On the line from Courbe- 
voie to the Arc de Triomphe, 7,500 
metres going and returning, the resist- 
ance is unusually great. In one experi- 
ment the ordinary feeding cylinders con- 
tained 1,500 litres of twenty-five atmos- 
pheres at departure, and the pressure, 
on arrival, was not more than four and a 
quarter atmospheres. The expenditure 
had thus been about 1,250 litres at 
twenty-five atmospheres for a run of 
7,500 metres, or 166 litres per kilom- 
etre. 

But unless it is possible to heat the 
air gradually during its detention, and 








before it reaches the cylinder, unless, in 
fact, the heat abstracted in condensation | 


pletely met the difficulty. He adopts as 
a re-heater a cylinder holding about 100 
litres of water, taken from the boiler of 
an engine, at five atmospheres, and to 
obtain the maximum of effect possible, 
the condensed air is delivered from the 
reservoirs to the cylinder only after tra- 
versing the entire mass of water. 

By aclever contrivance M. Mékarski 
regulates at pleasure the action of the 
compressed air —_ the piston. Two 
hermetically-closed boxes are placed 
vertically upon the re-heater; their 
common face is formed by a caoutchouc 
diaphragm, in direct connection with an 
obturator, which opens or shuts more or 
less the opening which communicates 
between the lower bex and the chamber 
containing a mixture of compressed air 
and vapor in the upper part of the hot- 
water cylinder. It will be seen that this 
orifice will be more or less uncovered ac- 
cording as the pressure in the lower box 
will be above, or not, the pressure in the 
lower box. This second box is itself 
filled with air, and constitutes a small 
pump-barrel, in which a large plunger 
piston works. The rod of the piston is 
a screw, and is fitted outside with a 
small regulator, on which the driver 
works. This may rapidly be made to . 
vary the presence of the air in the upper 


be restored to it, the loss of power is | box, and consequently the pressure be in- 
very great. This has hitherto been the | creased or diminished of the air which is 
stumbling block of compressed airengines, | delivered from the lower box to the mo- 
and M. Mékarski seems to have com-|tory cylinder. 





DESCRIPTION OF A SKEW-ARCH AT HARRISBURG. 


By THOMAS M. CLEEMANN, C. E, 


Written for Van NosTRaNp’s ENGINEERING MaGaZINe. 


Tue following description of a skew | with a slight descending grade until the 
arch bridge in the city of Harrisburg, | old level of the street was reached. The 
which is built ona different method to| whole of the width beneath the iron 
either of those mentioned in the inter-| bridge is filled with tracks, and the 
esting papers on the subject which have abutments are pierced with archways to 
just appeared in Van Nosrranp’s Maaa- | accommodate foot-passengers. To: illu- 
ZINE, will perhaps form an interesting minate these passages, a second arch was 
supplement to them. | made in the walls separating them from 

tate Street crosses the Pennsylvania the tracks, the two arches meeting in a 
Railroad at an angle of seventy-one de- | groin, both being skew and intersecting 
grees, and, in order to avoid a grade at an “— of seventy-one degrees. Mr. 
crossing, an iron bridge was erected Joseph M. Wilson, to whom the design 


over the tracks, and approaches made 'is due, wished the smaller arch to forma 
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semi-circle on the face, of a radius of 
five feet, and the larger arch to form an 
ellipse of 17 feet span, and of course a 
height equal to the radius of the smaller 
arch. If the helicoidal method of build- 
ing the arch had been adopted, as was at 
first intended, the joints on the face of 
the small arch would have radiated from 
@ point below the centre, which was 
supposed to injure the appearance, and 
it was therefore made a condition that 
the face joints should radiate from the 
centre. ith this limitation, the writer 
was instructed to make the working 
drawings, and supervise the construc- 
tion. It occurred to him that it would 
not weaken the arch to make the follow- 
ing modification of the helicoidal method. 
ereas in that method the crossing 
joints are generated by a line touching, 
as directrices, the joints of the soffit as 
found from the development, and the 
axis of the arch, and always perpendicu- 
lar to the axis; there would be no ob- 
jection to taking the same directrices, 
ut introduce the condition that the 
generating should be always parallel to 
the face, instead of being perpendicu- 
lar to the axis. This makes the cross- 
ing joints portions of the surface call- 
ed a conoid in Warren’s Descriptive 
Geometry, and which may be called for 
distinction a helicoidal conoid. It was 
in this manner that the arches were 
built. It should be remarked, however, 
that only the face stones of the two 
arches, the groin stones, and the skew 
backs, were made of stone, the res$ was 
of brick, the joints running from face to 
skew back according to the joints drawn 
on the development of the soffit. 

The smaller arch will be seen to be a 
high ellipse on the right section; that is, 
one in which the vertical axis is the 
longer. 

It may be of some interest to describe 
in detail the mode of forming the temp- 
lets, and what were required : 


lsT. THE SMALLER ARCH. 


The portion of the stones first dressed 
was one of the beds, and for this “ twist- 
ing rules” were necessary. As the twist 
is the same for all the stones, but two 
pairs of them were required, one for the 
stones two feet long, and the other for 
the stones one foot long; these ‘dimen- 
sions of stones having been chosen for 








convenience. One of the rules is an or- 
dinary straight edge ; the other has the 
addition of a triangle on the side, mak- 
ing it trapezoidal in shape. A draft 
having been cut on one edge of the stone, 
and the straight edge laid upon it, an- 
other is cut at the distance of two feet 
(for the stones of that length) and sunk 
until, when the trapezoidal rule is ap- 
plied, the upper edges are in the same 
plane, observed by sighting across from 
one to the other. The intermediate stone 
is then dressed away with a straight edge. 
The next operation is to find the edge at 
the soffit. To do this, a templet is form- 
ed to the angle between the bending 
face joint and the soffit crossing joint, 
and being applied so that one side coin- 
cides with the draft previously cut at 
the face, the edge is marked off with the 
other side. 

The soffit is then dressed along the 
edge by means of the arch square, the 
straight part being applied along the 
generating lines of the bed. The bound- 
ing lines of the surface of the soffit in 
each stone are marked with a templet 
got from the development, and made of 
sheet iron or zinc, so as to bend into the 
surface. The face can now be cut, two 
edges being given. Its bounding lines 
are next marked with a templet con- 
structed from the elevation. The other 
bed is then formed with the twisting 
rules, and the remaining sides with the 
common square. Such being the pro- 
cess of cutting the stones, let us proceed 
to the mode of forming the patterns : 


In the development we find AD equal 


to one half the curve of the face; the 
1 


angle ADB = cos. 


-—1 DE cos.8 
a ee 


= 78° 023’ 
And AB= AD tan. AD B = 37.083. 


The generatrix of the conoidal sur- 
faces in passing along the line A B, if 
there were a joint there, would describe 
an angle whose projection on the face 
would be ninety degrees. The projec- 
tion of the angle described when it pass- 
ed over the distance two feet on the line 
AB, would be the angle for the twistin 
rules for the two feet long stones, an 
one half of it, that for the one foot long 


F 
2AD 
—1 10 x cos. 71° 


= C08: 9 X7.854 
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stones. We find it by the proportion, 
AB: 90°: :2 : the angles required. 

In making the rules, we assume them 
say two feet long; the distance IK 














will be two feet multiplied by the angle 
found from the last proportion. The 
finding of the angle between the head- 
ing face joints and the soffit coursing 
joints, isa more complicated operation. 
Let us take the position of the generatrix 
at the face joints, and imagine a line 
drawn from the joint intersecting the 
axis at right angles ; the length of this 
line can be found, being the square root 
of the sum of the squares of the abscissa 


|necessary to repeat this calculation for 


each angle of face stones. 

The arch square is a piece of wood cut 
to the form of the soffit, with another 
|piece attached in the direction of the 
radius produced. The mode of obtain- 
ing the templets for the soffit from the 
|development, and for the face stones 
\from the elevation, require no explana- 
tion. Two sides of these templets were 
made three-sixteenths of an inch less — 
than the drawings gave, to allow for the 
mortar in the joints. 

The skew-back stones were made in 
the present instance to run far enough 
into the arch to catch two courses of 
| brick. 

B 


j 


and ordinate of the joint on the ellipse A 
of right section. The generatrix and 
distance cut off on the axis are two other 
sides of a triangle, one being equal to 
the half span, and the other to the ab- 
scissa multiplied by tan. S. From this} The dimensions of the shoulder are 
triangle we can deduce the angle between easily found 

the generatrix and axis. We now take 
a second triangle in which one side is the | p ¢ — om . Foe 

generatrix in its primitive position, an- ~ tan. BC A 

other is the length cut off on the axis in thickness of two bricks 


its progression to its second position, | —; “Tavelonasant 

being in the same ratio to two as DB ig | 0Ot- BAC known from the development 
to AB; and the included angle is the) AC=,4/Ap°+ BG 

supplement to the angle between the) 

apes and axis, just found; we then| The student of descriptive geometry 
nd the third side of the triangle. We) would be surprised, perhaps, that the 

















are now prepared to find the angle re-| tedious operation of solving three tri- 
quired, it being in a triangle whose three angles for finding each angle between 
sides are known ; one being the side of | the face joints and coursing joints was 
the triangle just found, another the gen-| pursued, when the projections can be 
eratrix in its second position equal to/| easily constructed upon the drawing, and 


the half span, and the third, the length finding the angle is then one of the 
of the stone, supposed two feet; the| simplest problems of descriptive geom- 
angle between the two feet side and the etry. The writer adopted the method 
generatrix is the angle between the head- of calculation, partly because his draw- 


ing and coursing joint required. It is|ing was small, and he has small confi- 
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dence in his own ability to draw with 
sufficient exactness, and partly, probably, 
from an innate love of accurate calcula- 
tion whenever he finds it possible. His 
mathematical attainments were, however, 
te tried, and his ability found com- 
pletely at fault when he attempted to 
calculate the requisite templets for the 
larger arch. 
2D. THE LARGER ARCH. 

Being compelled to apply his descrip- 
tive geometry to finding the necessary 
bevels for this arch, in order as much as 
ong se to avoid errors of construction, 

e determined to make the drawin 
full size. He therefore obtained a suffi- 
ciently large space in the Company’s 
Carpenter Shop, and constructed the 
projections on a prepared floor. Having 
drawn the ellipse, and marked on it the 
positions of the joints and measured 
their abscissas and ordinates, the distance 





from the centre to the successive points 
where normals to the ellipse would cut 
the major axis, were calculated by the 
formula in analytical ergy? and the 
joints drawn accordingly. e eleva- 
tion of each stone was then constructed. 
A section was supposed to be made 
parallel to the face, and at a distance of 
two feet from it, and the projection 
drawn. With the help of the develop- 
ment, the crossing joints were drawn on 
the elevation, and the angle between 
them and the heading joints found by 
passing a plane through them and re- 
volving it about its trace in the vertical 
plane until it coincided with it, when 
the angle could be measured, according 
to a simple problem in descriptive 
geometry. 

The angle for the twisting rules was 
measured from the elevation, as well as 
the arch squares, and the soffit patterns 
from the development. 





JAPANESE LACQUER WARE. 


From “ Journal of the Society of Arts.” 


THE export of lacquer ware, though 
not attaining to any very high figures, 
is a somewhat prominent feature in the 
productions of Japan. Mr. Robertson, 
the Consul at Kanagawa, states that the 
lacquer ware that finds a sale in foreign 
markets is, as a rule, that description into 
which a preparation of gold powder 
enters, and known to Japanese as 
. “makiyé”; but, as many articles of daily 
household use in Japan are of plain 
lacquered ware, that is, without orna- 
ment, the material of wood with a coat- 
ing of plain lacquer or varnish, the in- 
dustry, whether looked at as affecting 
the export trade, or regarded as a per- 
manent industry in the country, and one 
giving employment to many hands, can 
not fail to commend itself to those inter- 
ested in Japan and its productions. 

The groundwork of lacquer consists in 
the sap of the “urushi” tree, the fruit 
of which produces the vegetable wax. 
The Japanese distinguish between the 
male and female tree, the former bearing 
no fruit. The trees attain to a height of 
from 36 to 42 feet. In those parts of 





the country where the trade in lacquer 
is of any importance, the varnish is 
taken from the tree when it has attained 
to an age of from four to eight years. 
On attaining the latter full age the tree 
is cut down. Where the tree is cultivat- 
ed for the sake of the wax, the sap is 
not extracted; and in Aidgu and Yone- 
gawa, where the trees are specially re- 
served for wax, they will be seen to at- 
tain to no inconsiderable height. The 
“urushi ”—lacquer varnish tree—is cul- 
tivated in two ways; either by sowing 
or by cuttings. In following the former, 
the front of the tree is lightly pounded 
in a mortar, so as to remove the rind 
from the seed. These are then mixed 
with wood ashes, moistened with water, 
and afterwards put into straw bags, over 
which liquid manure is poured, other 
bags are then left to soak in water until 
the close of the winter. Just before the 
commencement of spring, on a day duly 
noted on the Japanese farmer’s almanac, 
the seed is sown broadcast over the 
—_—_ and slightly covered with earth. 

n respect to slips or cuttings, they are 
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planted out in rows, and thinned as soon 
as aleaf or two appears. Sowings, are, 
however, preferred, as it is found very 
difficult to rear from cuttings. 

The amount of varnish obtainable 
from any one tree depends on the vigor 
of the tree and the quality of the soil. 
A good vigorous “urushi” will, after 
four or five years growth, have a stem of 
about six inches in diameter. The sap 
is generally drawn off on the tree attain- 
ing its fifth or sixth year of growth, and 
this is done in the following manner :—A 
lateral incision is made with a knife in 


‘the trunk of the tree, and four days 


later the incision so made is punctured. 
The sap that exudes is then carefully re- 
moved with a small spatula, and put in- 
to a wooden jar. One incision is made 
at a time, commencing from the root up- 
wards, and the trees are taken in turn. 
This is continued until each tree exhibits 
a series of cuts all up the trunk. The 
tree is afterwards felled. The drawing 
off of the sap is begun in the middle of 
the summer and continues to about the 
month of November. The very first and 
last sap drawn is not considered of good 
quality. The best is that which is drawn 
off late in the summer. From spring to 
summer the sap ascends the tree, and 
afterwards descends. The expert is 
therefore guided by this fact as to 
where the incisions should be made. 
When the sap is descending in the trunk 
it is considered inferior. The bark of 
the larger trees being somewhat thick, 
the ordinary instrument in use sometimes 
fails to make proper incision, in which 
case the bark is first removed prior to 
making the incision. The “yamo 
urushi,” on wild varnish, grows plenti- 
fully, and in leaf and flower resembles 
closely the “urushi,” but it meets with 
little attention, as its yield of sap is very 
small. There is also a species known as 
the “tsuta urushi,” or ivy lacquer 
tree, which attaches itself to trees after 
the fashion of ivy, but yields even less 
sap than the lacquer tree. Lacquer is 
obtained largely in the eastern portion 
of ‘the empire, but to no great extent in 
the western provinces. e wood of the 
“urushi” tree being exceptionally good, 
is applied to many uses, and notably to 
the making of floats for fishing-nets. 
Having thus given a brief description 
of the manner in which the facquer var- 





nish is obtained, Consul Robertson fur- 
nishes a few additional remarks upon the 
prnpnrneon of the lacquer ware. The 

apanese, it seems, give the year A. D. 
724 as the date when the art of lacquer- 
ing was first discovered, but those 
amongst Japanese who have given at- 
tention to the subject fix the date at the 
year A. D. 889 or 900. It would appear 
to have attained to some perfection in 
the year 1290, for the name of a dis- 
tinguished painter in lacquer who lived 
at that time is still handed down as the 
founder of a particular school of art in 
laequer painting. From that time it de- 
veloped until it attained its present per- 
fection. The following isa brief general 
description of the mode in which designs 
in lacquer are worked :—The first thing 
is to trace out on the thinnest of paper 
the required pattern or design, and the 
tracing is then gone over with a compo- 
sition of lacquer varnish and vermilion, 
afterwards laid on whatever it is pro- 
posed to impart the design to, such as 
the facing of a cabinet, or other piece 
of work, and well rubbed over with a 
bamboo spatula. On the removal of the 

aper the material below will be seen to 

ave received the outline. This is now 
gone over with a particular kind of soft 
lacquer varnish. When this industry is 
pursued in hot. weather the varnish 
poensy dries, and consequently, where 
the pattern is a good deal involved, such 
as one representing bunches of flowers 
or flocks of birds, a small portion only 
of the pattern is executed at one time, 
and the gold powder, which enters large- 
ly into most of the lacquer ware for the 
foreign market, is applied to each part as 
it is being parm. | For this a large 
and very soft brush is used, and by its 
aid the gold powder is well rubbed in 
with the lacquer or varnish. The work 
is then left to dry for the space of about 
twenty-four hours, after which the pat- 
tern is lightly rubbed over with charcoal 
made from a particular wood, this pro- 
cess securing evenness of surface. The 
work is then rubbed with polishing 
powder, and afterwards carefully wiped. 

There still remains a good deal of 
finishing work, such as the tracing of 
leaves on trees, the petals of flowers, 
the wings of birds, and so on, accord- 
ing to the particular subject in hand. 
Into all of these gold powder largely 
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enters, the working in which requires a 
light brush and skillful hand, so as to 
preserve an even mixture of the powder 
and varnish. After this has well dried, 
a particular kind of lacfuer varnish, 
known as “yoshino urushi,”’ is well 
rubbed in, and the whole then polished 
with horn dust. The polishing process 
is done with the finger, and is continued 
until the gold glitter shows out well. A 
beautiful polish is said to be thus ob- 
tained. Briefly, then, the designing on 
lacquer ware is done thus : supposing the 
subject is to be a flower, it is traced out 
on the paper and imparted to the ground- 
work of wood. Gold powder is then 





sprinkled over the work from out of a 
bamboo tube, well rubbed in with a brush, 
and then allowed to dry, afterwards 
polished, and a coating of varnish ap- 
plied. 

This is repeated several times, 
until the work assumes a rust color. 
The veins or tracery of the leaves are 
marked out with lacquer varnish. Be- 
fore this dries gold powder is again 
sprinkled over, and then rubbed in with 
a brush. When the surface has dried, it 
is rubbed over with a piece of charcoal, 
so as to tone down any irregularities. 
After that it is polished, when the flower 
will appear in due form. 





COFFER DAMS IN THE CONNECTICUT RIVER. 


By W. H. BURRALL, C. E. 


Written for Van NostRaNnp’s ENGINEERING MaGaZzinNeE. 


In the summers of 1870 and 1871, the 
firm of Hawkins & Burrall,of Springfield, 
Mass., built five coffer dams in the 
Connecticut River at that place. As there 
were some features believed to be new, 
in regard to the thickness of dams, and 
details of the work, a plain account of 
their construction and operation, may 
not be without value, as a record of 
actual experience. : 

The bridge of the Boston & Albany 
Railway over the Connecticut River, 
was at that time a wooden Howe truss, 
single track, in seven spans of about 180 
feet each. The six piers were of dressed 
Monson Granite on a foundation of 
piles, driven about 3 feet apart, nd Or 
leveled up with concrete and planked. 
These foundations were put in about 
1838, three of them by dredging out the 
bottom, driving the piles an sawing off 
near the bottom, which was then leveled 
with concrete and the masonry built in 
a caisson and sunk. The remaining 
three were put in by means of coffer 
dams, as to the details of which no in- 
formation is at present accessible to the 
writer. Around the piers, loose stone or 
rip rap had been deposited, extendin 
out some 18 or 20 feet from the piers, all 
around. 

The bottom was composed of sand and 





gravel of varying degrees of hardness, 
among which were strata of quicksand, 
horizontal or nearly so, 

The depth of water varied with the 
location of the piers, and the different 
stages of the river while the work was in 

rogress from 3 or 4 to about 18 feet. 

he current was slight at that stage of 
water, not sufficient to form any Sais. 
cle to the work. The bottom of the 
bridge was about 28 feet above low 
water mark. 

It was desired to replace the bridge by 
a double track, iron structure, and to do 
this, the piers were to be lengthened 20 
feet on the south or down stream side. 
To secure a good bond of the new and 
old masonry, the ends of the piers were 
to be taken down, entirely to the foun- 
dation. A new foundation similar to 
the original one and in continuation of 
it was to be put in, which required re- 
moval of the rip rap at that end and 
some excavation. 

These conditions precluded the method 
of sinking the masonry in a caisson or by 
screws, which would be the natural 
course for a new foundation,:and ren- 
dered the removal of the water neces- 


sary. 
Phough the bottom was one of the 
most unfavorable kind, it was believed 
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that a coffer dam of sheet piling fur- 
nished the most available mode of con- 
struction. The main danger seemed to 
be (as really proved the case) the veins 
of quicksand passing under the dam at 
all depths, and as no thickness of dam 
would obviate this danger, it was deter- 
mined to build a much thinner dam than 
any authority could be found for, trust- 
ing to that merely to prevent through 
leakage, and dealing with the other 
difficulty as might seem best at the 
time, by dumping earth or sand bags 
outside, or additional sheet piling. 
Another consideration was the diffi- 
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culty and expense of procuring material 
for filling, which had to be eo on 
the railroad and dumped from the bridge 
above. The resistance to outside press- 
ure was to be obtained by struts from 
the pier to inside of dam. It was decid- 
ed then to drive two rows of 4-inch 
spruce plank, three feet apart, supported 
by outside piles and horizontal string 
pieces, on both sides, at intervals of 
about eight feet. 

The plant for driving was as follows : 
A scow was built 18 feet wide, 50 feet 
long, and 2 feet deep inside. The sides 
and a parallel middle rib were made up 
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of two pieces Southern pine, 6’X12’, 
bolted together edgewise, and the whole 
cross planked with 3-inch spruce plank. 
It was entirely decked over and caulked 
and pitched so as to be water-tight. On 
the stem was placed the portable engine 
with drum and winch heads, and on the 
front end two pairs of gins, projecting 
slightly over the end, and three feet apart 
centre to centre. One hammer or mon- 
key weighing 140 Ibs. was used for driv- 





ing the main piles, and for the planking, 
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two were cast with a hollow centre, into 
which was driven a piece of seasoned 
white oak, to strike the plank. These 
weighed about 800 Ibs. complete. 

e manner of driving was as follows: 
The plank was sharpened on two sides, 
and the outer edge, had a pair of cast 
iron lugs, hbout 4 inches square, bolted 
on near the edge to project over and 
embrace the plank last driven. These 
were about 6 feet from the top and kept 
that in line. 
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It was then hoisted into the gins and 
the bottom entered between a pair of 
movable jaws at the foot of the gin, 
which reached by and embraced the 
plank last driven. Two planks being 
thus entered, the screw and plank were 
forced against the dam by lines from the 
dam to windlasses on the scow and suc- 
cessively driven to place. Once in ten 
feet the main piles were driven outside 
the plank. 

In this way the dam was completed 
till the stem of the scow came in con- 
tact with the part completed. The scow 
was then turned at right angles to the 
dam, and by means of the projection of 
the gins from the scow and the ham- 
mer from the gins, a plank held flat 
against the gins could be driven, thus 
first the inner, then the outer row was 
put in, till the opening was closed. 

The working gang was generally, one 
foreman, one engineer, one man in gins, 
two to tend lines, two to supply plank. 
About fifty to sixty plank were driven 
in a day, taking forty to fifty blows 
each to the them to a depth of. 6 to 9 
feet into the bottom, they being gener- 
ally driven till the upper end showed 

of splintering. 


signs 
The planks being all driven, battens 
of 4" boards were pushed down on the 


inside wherever any large cracks were 
apparent, and nailed to the plank. The 
lower row of inside string pieces (5) were 
then put in, by springing the tops of the 
piles away from the dam, and pushing 
the string pieces down under water, be- 
tween the piles and dam. 

The upper rows on both sides were then 
= on and the tops of the piles drawn 

rmly together by the bolts (d). Struts 

were then put in between tbe pier and 
inner a pieces, and the dam was 
ready for fillmg. When the water in- 
side was low enough, struts were also 
placed against the lower row of string 
pieces. 

Less than a mile east of the bridge, 
the R. R. Co. were lengthening a side 
track through a cut some 10 feet deep. 
This was found to be composed of strata 
a few inches thick, of a tenacious clay, 
and nearly pure sand alternately, in 
about equal quantities and was at once 
adopted for filling. Shutes or troughs 
were placed from the bottom of the 
bridge to the dam, and the material 


dum from gravel cars on the bridge, 
and istributed by shoveling. The dam 
being filled, pumping was commenced. 
A boiler and reciprocating steam pump 
‘placed on the dam was used at first, but 
much trouble was experienced from 
choking of the valves by sand, etc. 
Later a horizontal centrifugal pump was 
placed in the dam at the bottom, which 
gave perfect satisfaction, raising a 7 inch 
stream, 20 feet, and discharging sand, 
stones &c. with perfect freedom. 

Meanwhile the scow and gang were 
driving the next dam. 

Not to enter into too much detail, the 
general experience in — out was 
this. By the time the water was re- 
duced 5 or 6 feet below the level outside, 
a “wash in” would occur, coming up in a 
volume of water and quicksand in some 
part of the included area, usually not 
far from the dam, and at the same time 
the filling inthe dam would sink away 
entirely for 15 or 20 feet in length, over 
the place, and disappear, leaving the bot- 
tor: inside the dam lower than, or level 
with, the bottom outside. No disturb- 
ance would be apparent outside, showing 
that the influx was through some vein of 
— entirely below the dam. The 

lling sinking into the vein below would 
cut it off, and when that part of the 
dam was refilled no further trouble 
would occur at that place. At several 
of the piers, two or three “ wash ins ” of 
this kind comprised the whole difficulty. 
’ A more troublesome variation several 
times took place however, when the 
“wash in” was so near the bottom of 
the dam, or so violent that it under- 
mined and displaced the sheet piling. 
This was remedied by driving an addi- 
tional row of plank, 3 feet outside the 
old ones and filling again, which always 
proved effectual. One of the most ob- 
stinate leaks was found to be produced 
by a bar of railroad iron lying trans- 
versely under the dam in the river bot- 
tom. In one case the break took place 
just opposite the pump which was 
covered some feet with quicksand. By 
raising it, (the centrifugal pump) on top 
of the sand and gradually lowering, 
sand and all was pumped out. 

When the bottom was exposed, water 
would be found coming up in various 
places, over the enclosed area, but in no 
case greater than could be exposed by 
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the pump. The excavation for founda- 
tion was then easily made, piles driven, 
the new foundation completed and ma- 
sonry laid. 


After the masonry was above water, 
the planks were pulled up, and most 
used a second, and many a third time. 
The pulling up was effected by slinging 
a heavy four-fold tackle to the gins, and 
leading the fall to the engine. The first 
pull would generally bring the end of 
the scow some inches under water, but 
by holding on a few moments the plank 
would let go and come. 


It would seem then, from this exper- 
ience, that when a coffer dam can be 





braced from the inside, which may 
generally be done, a much less 
thickness may be employed than is 
usually recommended. This, however, 
depends greatly on the character of the 
material used for filling, and four feet 
would probably be preferable to three, 
though little or’no trouble was exper- 
ienced in this case from any leakage 
through the dam itself. The employ- 
ment of cast lugs, easily applied and re- 
moved, was a very satisfactory substitute 
for tongueing and grooving, and the 
double pile driver and method of driving 
arose naturally from the character of 
the work, and seemed to meet every re- 
quirement. 





THE MANUFACTURE OF CAOUTCHOUC—AND ITS INDUS- 
TRIAL USES. 
By EUGENE PAVOUX. 
From the “Universal Review of Mining.” 


Tae multifarious uses of india-rubber, 
and the numerous industries in which it 
is employed, are such as to give an in- 


terest to the consideration of the pro- 
perties of this material and of the means 
employed to give it the appearance and 
the forms under which it is rendered 
useful. 

Its principal quality is its elasticity in 
an ordinary temperature. This special 
quality, to which it owes its repute, dis- 
appears almost entirely under a tempera- 
ture approaching to that of melting ice, 
and only re-appears when the india- 
rubber is subjected to a heat of from 30° 
to 40°, when it again becomes suppie. 
It softens in proportion as the tempera- 
ture rises, becomes viscous, and ends by 
taking the consistency of treacle. This 
sensibility to the influence of the tem- 
perature must have prevented its being 
used in industrial pursuits, if means had 
not been found of neutralizing it by a 
special manufacturing operation. Above 
200° it is decomposed, and passes off in 
a volatile form. 

Its density varies between 0.925 and 
0.950. 

According to Faraday, it is composed 
of 87.2 of carbon and 12.8 of hydrogen. 

India rubber is a sap which flows from 

Vor. XIV.—No. 4—24 





various sorts of trees which grow in 
abundance in the regions near to the 
equator, notably the Ficus elastica, the 
Siphonia Cahucha, &c. Its qualities 
are distinguished by the places where it 
is grown, and sometimes, though rarely, 
by some external characteristic. The 
terms most frequently used in the manu- 
facture are: Para, Madagascar, Cartha- 
gena, Guyaquil, Borneo, West India, 
Assam, &c. 

It is obtained as follows : 

The trunk of the tree is pierced, and 
the sap (which contains about 40 per 
cent. of indiarubber) is allowed to run 
off into a vessel, but more frequently in- 
to a hole dug at the foot of the tree, 
Balls of dried clay are made in the 
shape of pears, which are plunged into 
the liquid, and afterwards made to pass 
over a fire made of the branches of trees, 
in order that the layer of india rubber 
which has been deposited on the clay 
may be made to coagulate rapidly. 
This operation is repeated until a certain 
thickness has been acquired. The pears 
are then plunged into water, and the 
clay, thus softened, is easily got rid of 
by simple pressure. 

Sometimes a thin board is used as a 
nucleus, on which the sap is deposited 
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and ag lomerated ; in this case, the 
mass of india rubber thus collected is cut 
on three sides to admit of the board 
being drawn out, and in this way double 
sheets are obtained, which open almost 
in the same way as a book. The purest 
india rubbers are those which are gather- 
ed in this way; such are Para and 
Madagascar, the simple aspect of which 
reveals the almost total absence of ex- 
traneous matter. 

When the sap is allowed to run out on 
the ground, it collects in irregular strips, 
mixing with the impurities of the soil. 
These strips are put into sacks and sent 
off to the various places of consumption. 
When they are very thin they are rolled 
up like a skein of thread, and the appear- 
ance of the india rubber in balls serves 
to remind one of a clue of worsted. 

In these different states india rubber 
arrives in Europe. It is indispensable to 
rid it of every kind of detritus, sand, 
wood, pebbles, bark, &c., which have 
become mixed with the gum whilst run- 
ning from the tree. This is the object 
of the first process in the manufacture. 
The raw material, after being softened 
by immersion in a large tub of hot 
water, is cut up with a saw into cubic 
oo of about an inch and a-half, then 

attened between two cylinders, horizon- 
tally placed, the distance between which 
is regulated at will by attachment 
screws. These cylinders are of different 
velocities ; it follows, therefore, that, 
independent of the pressure which the 
india rubber is made to undergo, it is 
hacked and torn to such an extent that 
all extraneous matters are removed, and, 
under the continuous action of a stream 
of water, are easily carried off. Under 
this process, which is repeated eight or 
ten times, and every time bringing the 
two cylinders nearer together, all the 
impurities vanish, and it assumes the 
form of an irregular sheet, grained, and 
— through with innumerable holes. 

his sheet, when hung up to dry in a 
place where the air circulates freely, 
thanks to its texture, very soon loses the 
water with which it is impregnated. 

It is important that the material should 
be kneaded, in order to bring together in 
a single piece the scattered elements of 
the sheet, and impart to it perfect homo- 
geneity. This is done by means of a 
kneader called a devil, which consists of 





a cylinder fixed horizontally, divided or 
not into separate compartments by par- 
titions perpendicular to the axis. Over 
the total length of this cylinder, and a 
quarter of its circumference, there is an 
opening by a sort of door on hinges, 
through which the dried rubber is intro- 
duced. A shaft, provided with a series 
of sharp pointed teeth and disposed in 
rows alternating one with another, runs 
through the whole length of it. This 
shaft, which makes seven or eight revo- 
lutions a minute carries along with it 
the grained sheet of which we have 
spoken, and causes it to traverse the en- 
tire free space of the cylinder. In doing 
this the mass of caoutchouc takes a ro- 
tating motion, produced by the teeth, 
which successively take it up and draw 
it towards them. There results from 
this a perfect process of trituration, 
which forms the sheet of rubber into a 
compact mass, all the parts of which are 
thoroughly mixed. 

In order that this operation may be 
effected under proper conditions, it is 
necessary that the roll of caoutchouc 
which has to be put into the cylinder 
should be a little wider than the cylinder 
itself, in order that it may press against 
the sides, and, consequently, be regular- 
ly drawn in by the motion of the shaft. 
This proceeding lasts, on an average, a 
couple of hours ; the longer it is con- 
tinued, the less time is required for the 
process which has to follow, by reason of 
the thorough homogeneity into which 
the material has been brought. 

The devil, as it is called, is usually 
formed of a double casing, which is 
heated by means of a steam jet. I have 
been induced to abolish this, because I 
find that the heat developed by the work 
itself is sufficient to facilitate the knead- 
ing of the material, whilst if it is in- 
creased by that arising from the steam, 
the temperature is such as to cause the 
rubber to become soft and viscous, which 
deteriorates its quality and interferes 
with the following operation. 

On leaving the devil, the material pass- 
es to the compressing cylinders, which 
are placed in couples on a horizontal 
plane, and may be brought to any dis- 
tance from each other by means of at- 
tachment screws worked by a crank 
placed within the reach of the workman. 

These cylinders are hollow, and are 
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heated internally with steam by a pipe | that when the finished sheet has to be 
running through a padded box. Two) wound on to a roller, it can only be done 
pipes running into one serve to discharge | by the interposition of a piece of cloth, 
the steam, the ingress and egress of which serves to separate the different 
which are regulated, according to the | windings of the sheet. It is then placed 
necessities of the work, by taps. The ona table and unrolled, in order to be 
rubber is thus thoroughly compressed | worked up into the form and dimensions 
until it presents the aspect of a rolled-up | required. The same calender serves for 
sheet, of firm texture, close and exceed-| coating cloth, which is used for so many 
ingly smooth. This gives the finish to| purposes, amongst others, for making 
the preceding operations. | tubes and straps ; the paste, which pass- 
India rubber is only used for certain|es through the cylinders at the same 
special purposes. The requirements of | time as the cloth, is spread upon it in a 
industry demand various qualities of | layer, the thickness of which is regulated 
products, possessing properties suitable | by the distance, and the tenacity with 
to the different uses to which they have| which it sticks is in proportion to its 
to be applied; it is the mixture of blocks | adhesive qualities. 
of compressed rubber with foreign mat-| Certain pieces are suitable for special 
ters in certain proportions which enables | forms, which they can only be made to 
the manufacturer to produce qualities|take by moulding. In order to manu- 
answering to the variable conditions| facture these the india-rubber paste is 
under which they have to be used. Roll-| put into a mould, which is filled more or 
ing forms a mixture of these several less correctly. The exposure of this 
substances, which is regular and uniform mould to a temperature varying between 
throughout ; it is also during this opera- 125° and 150° causes the material to ex. 
tion that the coloring matter is added,|pand and penetrate into every part of 
which gives to india rubber its various | the mould, and to take the exact form 
shades of gray, black, red, &c., in which | that is wanted. If a hollow article is re- 
it so frequently appears. It is in the| quired, a little water is introduced, 


form of powder that all these matters which, in being changed into vapor by 


are mixed with it. At every passage | the heat, compresses the paste, and makes 
between the cylinders a portion of it it adhere to the sides of the mould, of 
escapes, and falls on a slightly inclined | which it takes the exact outline. 


table, which is gathered up by the work- 
man and thrown again into the mass, 
which, becoming wider by the pressure, 
is rolled up by the workman as it issues 
from the cylinders, between which le 
puts it in afterwards lengthwise. It is, 
therefore, rolled in every possible way, 
which tends to give to the texture a 
greater degree of homogeneity. 

The india rubber paste obtained by 
this process is afterwards worked up 
either by rolling or moulding. 


There is one remark which it is im- 
portant to make: it is that the paste 
| adheres easily by simple contact, as long 
as the material has not undergone the 
|process of vulcanization. The shape 
then (with exception of the cutting up of 
certain objects into sheets) should al- 
ways be given previous to vulcanizing, 
which is the last process of manufacture. 

Raw india rubber seems to consist of 
two parts, each possessing distinct pro- 
|perties: the one compact and elastic, 
It is 


In the first case sheets are made of any | the other heavy and semi-liquid. 
length and thickness that may be requir-|to the presence of the latter element 
ed, whilst in the second, it is cast in any|that is to be attributed the extreme 
mould the manufacturer may desire. facility of adhesion by which it is 

As regards the rolling, the paste is| characterized, and it serves to explain 
made to pass between the two cylinders|the way it is affected by the action of 
of a calender, by which it is spread out| cold, and the modification it undergoes 
into a sheet of the same dimensions as| under the influence of a high tempera- 
the cylinders; these sheets may be made [ture. The transformation of the viscous 
to any length, of course, by feeding the | part, so sensitive to the variations of 
calender continually with one block of | heat, must have the effect of preventing 
material after the other. The adhesive those grave inconveniences arising out 
tendency of india rubber is so strong) of it, and of making india rubber a sub- 
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stance that can be utilized under any 
conceivable circumstances. That is the 
object attained by vulcanization. 

e agent employed for vulcanizing is 
sulphur. Its action on india rubber is 
analogous to that with which it acts on 
fatty substances which, when mixed 
with it in the proportion of one to five, 
and heated by a temperature of about 
200°, produces a substance which offers 
a good deal of resistance, and which 

resents almost the aspect of india rub- 

er. The result is that vulcanized rub- 
ber does not harden with the cold, 
neither does it soften with heat ; it pre- 
serves its elasticity, resists acids, and can 
no longer be made either to dissolve or 
to stick. ° 

The incorporation of sulphur is effect- 
ed either in the solid state or in a state 
of fusion, according to the nature of the 
articles that have to be vulcanized. 
The first method, which is the most in 
use, consists in mixing flowers of sulphur 
with the rubber at the same time as the 
other matters which: are added in roll- 
ing ; it thus becomes uniformly mixed 
with the mass, but as the re-action to 


which it must give rise can only be pro- 
duced at a high temperature, it does not 
so far modify the properties of the india 


aste, which still continues to 
stick. The article which is being made 
is put into a boiler, made; of sheet 
iron, capable of supporting a pressure 
equal to from four to five atmospheres, 
and closed by a bolted lid; a jet of steam 
is let in, the tension being measured by 
a steam gauge, and the length of time 
during which the operation continues 
varies according tothe number of pieces, 
but it is estimated at a couple of hours 
on an average. The necessary tempera- 
ture is about 150°. When it is required 
to put several objects one on the top of 
the other, they are sprinkled all over 
with silicate of magnesia to prevent 
them from adhering to their supports. 
The articles manufactured in moulds 
with an open surface are vulcanized in 
presses composed of two hollow, horizon- 
tal planes, the uppermost of which is 
movable, and worked by screws which 
allows it to work up and down. The 
moulds are placed between these two 
planes, and in this manner the’ paste is 
compressed. The necessary temperature 
is produced by the steam which circulates 


rubber 





in them, and which has been brought 
there by pip2s placed at one of the ex- 
tremities, and which rises to the other 
end through outlet pipes. 

I have had fixed in my manufactory a 
large press of this kind, by which I am 
enabled to vulcanize sheets, with great 
economy of time; the planes are about 
7 feet long by 4 feet wide, their internal 
surface being carefully planed and dress- 
ed gives to the sheets a glossy appear- 
ance, with remarkable uniformity of 
thickness. . 

To produce vulcanization by the liquid 
method, the sulphur is put, in a state of 
fusion, into large boilers, underneath 
which are large fire-places,; the articles 
already made are plunged into- these 
boilers, care being taken to keep them 
covered with the liquid by means of 
weights. This precaution is indispensa- 
ble, in consequence of the difference in 
density of the sulphur and the rubber. 
The absorption of the metalloid takes 
place, and is gradually completed until 
the combination is effected, which takes 
from two to three hours. Experience 
will be the best guide as to the time when 
the operation has been accomplished. 
Care must be taken that it is not con- 
tinued too long, because in this case the 
rubber becomes hard and loses. its elas- 
ticity. As soon as the articles are taken 
from the boiler, they should be plunged 
into cold water ; this causes the layer of 
sulphur deposited on the surface to crack, 
after which it is easily removed by sim- 
ply scraping it. 

Tt is as well to remark that only small 
objects admit of this method of vulcani- 
zation; those of larger volume must un- 
dergo the first process. 

There are also other methods of vulcani- 
zation which, although less applicable to 
industrial products, nevertheless deserve 
to be mentioned. Chloride of sulphur 
mixed with sulphuret of carbon, in the 
proportion of one to fifty, will produce 
this result. When immersed in this 
compound, the rubber becomes impreg- 
nated in a few minutes, after which it is 
plunged into a reservoir of cold water: the 
object of this is to neutralize the effect 
which a too prolonged immersion would 
have upon the surface, which would be 
to vulcanize it too much. During the 
immersion, the mixture penetrates into 
the centre of the mass. It is only ar- 
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ticles that are not very thick that can be | pletely homogeneous and impermeable, 
subjected to this process. ‘recommend it for a vast number of uses 
It is exactly the same as regards the|in which it would be difficult to find a 
process which consists in the use of alka- | substitute.” (*) 
line sulphurets; the operation lasts} The various kinds of joints which are 
about four hours. In consequence of|used for water pipes, gas pipes, and 
the restricted application of this method, | steam pipes, may be classed in several 
it may be regarded as more theoretical | categories, and are all practicable with 
than practical. india rubber. The flat washers for 
After vulcanization, the surface of the | flange joints are made in various quali- 
rubber sometimes presents slight efflores-| ties of material, but most frequently by 
cences of sulphur ; these are easily re-| means of one on several cloths dipped in 
moved by washing with an alkaline|the paste, and intended to prevent the 
solution. | lateral extension which would take place 
To dissolve india rubber, no better |in pressing the surfaces together, as well 
agent can be employed than sulphuret of | as by the heat, in the case of joints with 
carbon, to which must be added 5 per | steam at high pressure ; the number of 
cent. of anhydrous alcohol ; a product is | cloths depends upon the thickness of the 
thus formed which, when subjected to| washer. Instead of being parallel at the 
evaporation, leaves a residuum of rubber | surface, the cloths are frequently dis- 
possessing all its primitive qualities. It posed concentrically, and are placed ata 
may also be dissolved by any of the| distance from each other of from 2 to 3 
essential oils, but the material which re-| millimetres. The same result may be 
sults from their evaporation is oily and! obtained with felted india rubber, that is 
viscous, so that their use has been en- to say, mixed with fibrous matter, such 
tirely adandoned. as woolen or cotton waste, &c., which, 
Before proceeding to treat of the in-| hy their resistance admit of greater tena- 
dustrial uses of india rubber, it will be | city, and cause the lateral extension to 
interesting to say a few words respecting | be less felt. 
indurated rubber, which constitutes a/ In laying the flange pipes, it often hap- 


special branch of manufacture independ-| pens that, through the negligence of the 

ent of its restricted application to great! workman, the centre of the washer does 

industrial purposes, it is applied to the | not coincide with the axis of the pipe, 
| 


manufacture of a large number of ob-|and causes a projection in the inside. 
jects of all shapes and dimensions,| When this defect presents itself at the 
adapted to ordinary daily wants. The/|lower part of a steam pipe it prevents 
manufacture of indurated rubber may be | the waste water from running off ; it is 
disposed of in two words. The quantity better, therefore, to adopt the system 
of sulphur which is mixed with the paste! where the washer is kept in its place by 
is larger, and amounts, according to cir- | flange at one of the ends of the pipe ; 
cumstances, to from 35 to 40 per cent.,|the play left between the two pipes ad- 
and the vulcanization is prolonged be-| mits of expansion, without causing any 
ond the ordinary limits, the maximum | danger. 
being from six to seven hours. For| The washers with circular section which 
great thicknesses, a longer time may be| are used for joining the pipes, are espe- 
necessary, but this is anexception. Thé | cially employed in the ingenious system 
operation is a very delicate one and de-|of which M. Leon Somzé is the inventor. 
mands a great deal of care to prevent |The washer is introduced by being rolled 
the article being burnt, which, in that /|jnto the annular space between the two 
case, would become worthless. lends, called male and female, of the 

Indurated india rubber is worked with | jointing pipes, and is kept by the coni- 
the file, the saw, and the lathe, exactly cal form of the male end in a’ perfect 
like metals and other hard substances. | state of compression. 

The applications of india rubber to| India rubber is also largely employed 
industrial purposes are exceedingly nu- in transport. On the railways, the buf- 
merous, and are increasing daily. “Its | fers are furnished with a series of wash- 
elasticity, ae tenacity, added ” which, | * A. Stevart: “‘ Results of Experiments in the Elastici. 
the property it possesses of being com- | ty of Vulcanized India Rubber.” 
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ers of rectangular shape about 2 inches 
in thickness, separated from each other 
by sheet iron plates, which allow each 
washer to be compressed singly, so that 
every advantage is derived from the 
characteristic property of the material. 
To allow the passage of the buffer rod, 
these washers are pierced into the centre 
with a hole, the diameter of which is 
larger than that of the plates, in order 
that the depression of the washer may 
not drive back the rubber against the 
rod. For the same reason, the sheet iron 
plates are of larger diameter to prevent 
the rubber from being pressed back be- 
yond their outer edge. 

In the construction of passenger car- 
riages, arched pieces are used, which, 
being fixed in the inside of the wains- 
coating of the doors, receive the shock 
of the glass windows as they are lower- 
ed, and preserve them from the break- 
age to which they would be exposed 
without this precaution. 

In the tramways, the springs are re- 
placed by buffers, taking the form of two 
truncated cones, united by their great 
base ; these buffers, placed between the 
box and the axles, weaken, by their elas- 
ticity, the jolting of the cars, and render 
the motion excessively smooth and gen- 
tle. The tenacity, strength and dura- 
tion of the springs depend on the propor- 
tion of foreign matter which the mate- 
rial contains ; there ought to be only a 
small proportion, but a certain quantity 
is essential, in order to give them the 
requisite body and solidity. The use of 
these springs in the wagonettes belong- 
ing to mines and quarries would, un- 
doubtedly, diminish the deterioration in 
the rolling stock by preventing the vio- 
lent shocks which are frequently caused 
by the dilapidation of the roads. 

India rubber is also used for the outer 
rim of wheels for vehicles used in rail- 
way stations, large manufactories entre- 
pots, &c. In this case, the metallic rim 
of the wheel takes the shape of a groove, 


in which the elastic band is embedded ; | 
the diameter of the latter is ordinarily | 


calculated at four-fifths of that of the 
wheel. 

Road locomotives appears to have ac- 
quired an increase of tractive power by 
the application of similar bandages. 


There is no vehicle, even down to the’ 
velocipede, which does not make use of | 


this material, endowed as it is with so 
many precious qualities. 

It enters largely into the construction 
of machines, and especially of pumps. 
The clappers vary in form as well as in 
thickness ; some are round, others are 
square or rectangular. 

The seat on which they rest has several 
apertures, they are thus supported 
otherwise than on their edges, which 
wages them against the pressure. 

he metallic breastwork which forms 
the seat ought to present no projecting 
edge, which would enter into the ma- 
terial, and cause speedy deterioration. 
These clappers are, for the most part, 
made of simple india rubber, but some- 
times cloth is put between to give them 
greater tenacity. The special circum- 
stances under which they have to be 
employed will guide the maker in the 
selection. 

Certain valves are composed of a sim- 
ple metallic sphere, covered with india 
rubber, which, being raised by the 
liquid, falls down again as the piston 
descends, on the orifice it is intended to 
close. In order that these valves may 
retain sufficient suppleness to admit of 
their hermetically closing the orifice, it 
is better that they should consist of a 
hollow india-rubber sphere, filled almost 
entirely with small shot. 

An ingenious application of india rub- 
ber is that which has been made by M. 
Field, in respect to a valve composed of 
two india-rubber discs slightly conical, 
and placed face to face. These discs are 
flat and pierced with a hole in the centre, 
but they are compressed, and made to 
assume a conical shape by the metallic 

ieces which retain them, in the interior. 
heir external edges are in contact with 
each other, and maintained thus by the 
pressure which is exercised on their outer 
faces. The principal merit of these 
valves is their perfect resistance to the 





strongest pressure ; in fact, their action 
being exerted in every part at the same 


time, the lips of the valve are forced. 


against each other, with an energy which 
is greatest when the pressure is strongest. 
Messrs. Whitley Partners, of Leeds, 
have applied this valve to all kinds of 
pumps, for pumping either eold or warm 
water or other liquids at pressures rising 
as high as ten and even thirteen atmos- 
pheres. 
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As regards pumps which are intended 
to pump acids, an india rubber bucket is 
‘used, in which the rod of the piston is 
placed ; these pieces are moulded. 

Hydraulic press rings made 6f india 
rubber, replace advantageously those 
covered with leather, which are high in 
price. These rings are moulded in ex- 
actly the form required, and they are 
much more flexible than leather ones, 
even of the very best quality. 

India rubber is well adapted for the 
clappers of blasting machines. The firm 
of Cockerill, at Seraing; use it for that 
purpose in their works for the manufac- 
ture of Bessemer steel. These clappers, 
which have to do an enormous quantity 
of work, last from three to four weeks, 
notwithstanding the eminently unfavor- 
able conditions under which they work, 
and the immense wear and tear to which 
they are subject. 

India rubber pipes, by reason of the 
multiplicity of their uses, and the diver- 
sity of their composition, form an im- 
portant branch of manufacture. Those 
that are used for gas, acids, &c., and 
have to bear only a feeble pressure, are 
made of pure rubber by simply rolling a 
strip of paste round a mandrel; the 
soldering is easily effected by contact 
merely, and is consolidated by the press- 
ure of two small blades, worked by 
hand. To prevent the paste from ad- 
hering to the mandrel, care is taken to 
do it over first with powdered talc. 
Sometimes several strips are placed one 
on the top of the other, the number being 
determined by the thickness of the pipe 
which is being made. 

When the tubes are intended to be 
subjected to a certain pressure, they are 
consolidated by the insertion of one or 
more layers of cloth, the cohesion of 
which prevents the swelling of the pipe, 
the wearing away of the sides, or their 
rupture under extraordinary pressure. 
These pipes are generally formed as fol- 
lows :—A round of india rubber on the 
mandrel forms the first tube, over which 
a strip of cloth is rolled, done over with 





The outer envelope is in india rubber, so 
that the pipes represent rounds of cloth 
completely steeped in paste. By increas- 
ing the number of rounds of cloth, we 
obtain pipes capable of resisting the 
strongest pressure. 

When a liquid has to be inhaled, it is 
necessary to guard against the crushing 
of the pipe, which the atmospheric press- 
ure, added to the internal vacuum, would 
inevitably cause. For this purpose a 
spiral is used, made either of galvanic 
iron or copper, which is either simply 
placed in the interior of the tube, or is 
embedded in the thick part of the rub- 
ber. Generally, the outer part of the 
tube is formed of coarse cloth, which 
serves as a protecting envelope, as these 
pipes are nearly always intended to be 
trailed on the ground; they are much 
used for fire engines and pumping 
engines. 

All these kinds of tubes can only be 
vulcanized after they have been finished. 
They are put into a vehicle which runs 
on rails, and put into a boiler 20 yards 
long, specially prepared for them. 

A particular kind of pipe is made of 
tanned hemp, with an inside casing of 
india rubber, and can be advantageously 
applied to a great number of uses. 
Being tanned, it is enabled to resist 
moisture, which has not the slightest 
effect upon it. It is much lighter than 
leather, consequently, in case of fire, a 
man can carry a much greater length, 
and can mount a ladder with it much 
more easily. The application of india- 
rubber sheets to the interior of these 
tubes prevents the infiltration of water 
into the pores of the tissue; it also 
prevents any loss of — and protects 
them from injury. he resistance is 
very considerable ; a diameter of 1} in. 
will bear a pressure of fifteen atmos- 
pheres, and one of # in. will bear twice 
the amount of pressure. They are used 
for fire engines, for brewery funnels, 
water pipes, steam pipes, &c. 

The ropes used for wadding, which are 
made of cloth, done over with india 


india rubber by a calender; a fresh| rubber are made without core, that is to 
round of pure paste is followed by a sec- | -~ without any inner nucleus in pure 
b 


ond covering of cloth, and the operation | 


is repeated according to the number of 
folds the pipe is intended to have : this 
number of folds depends on the diam- 
eter, and increases generally with it. 


rubber; they are generally used con- 
currently with hemp for furnishing 
stuffing boxes, and with the best results ; 
the flexibility of the hemp admits of the 
expansion of the rubber, and this, in its 
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: . : 
turn, corrects the want of compactness |re-actions which might happen with 
presented by textile fabrics. certain coloring matter. ; 

Straps merit special notice. They are! The thickness of the covering varies 
composed of a certain number of folds of | from 12 to 15 millimetres, according to 
cloth done over with rubber, alternating | the diameter of the cylinder. To have 
with layers of pure rubber. The number |it in good order, one surface of the 
of folds, and, consequently, the thiekness | cylinder should be perfectly smooth. _ 
of the strap, is in proportion to its| Billiard makers secure great elasticity 
width : for this reason, when the width| for their side slips by using india rub- 
is above 10 centimetres, there are at|ber, to which they give various shapes 
least three folds ; above 15 centimetres,|at discretion. The material used for 
four folds; and above 25 centimetres | this purpose ought to have rather greater 
they have from five to seven folds. | density than the raw rubber. My 
They are made of all lengths in a single|_ The other industrial uses to which it 

iece, and are joined exactly like those is applied are innumerable, we need 
in leather. They work as well in water| only mention the buckets and funnels 
asin places heated;to a high tempera- | used for acids, plugs with and without 
ture. Their use is becoming very gen-| holes, rings and flanges for the joints of 
eral, for besides being less costly than| washing machines, rollers for twisting 
those in leather, they adhere much | frames, sets of pulleys for ribbon saws, 
better. It is important that the several | guide strapsand aprons for paper-making 
cloths of which they are made should not | machines, joints for filter presses used in 
slip one over the other, and that they sugar manufactories, moulds for hat 
should be made to adhere firmly by the | manufacturers, aprons for sugar works, 
intermediate layers of rubber. This ob-| &c., &c. rere : 
ject is attained by their being vulcanized| As regards the application of indu- 
in the press. rated rubber, we may mention the rollers 


India rubber has been used for some | for spinning frames made in two parts 


time for covering metal rollers employed 
for sizing and finishing cloth ; wooden 
rollers are replaced by metal ones, which 
prevents the necessity of using paper or 
cotton for stuffing the inside of the 
dressing cylinder; it also does away 
with the use of linen or woolen cloth 
for the external covering of the roller, 
one or more sheets of india rubber bein 

now used instead. Manufacturers fin 

great advantage in this. The size, 
whether colored or not, adheres suffi- 
ciently to the rubber to admit of either 
threads or tissues being well sized with- 
out any absorption of the material by 
the rubber ; the size, therefore, as well 
as the coloring matter can be taken off 
the roller by simply washing it with 
water, which permits the immediate use 
of the same apparatus for sizing in other 
colors. The india-rubber covering, by 
adhering thoroughly to the metal, and 
——e none of those protuberances 
caused by the crossing of linen or wool- 
en covers presents a perfectly smooth 
and regular surface, and gives greater 
uniformity to the sizing. In short, the 
size not being in contact with the fire, in 
consequence of the impermeability of the 
rubber, there is no fear of any of those 


| 


of different composition and color, the 
vulcanization of which is effected gra- 
dually, by means of a slow and pro- 
‘gressive elevation of temperature, and 
lasts about four hours. 

In telegraphy, isolating bells are used, 
suspended on hooks of galvanized iron. 
The outer surface is polished all over, 
‘and presents a thickness of 24 milli- 
metres, so as to cut off the electric cur- 
rent. : 

If we were to point out all the appli- 
cations of india rubber to surgery and 
ordinary uses, we should become involv- 
ed in an endless nomenclature utterly at 
variance with the object of this brief 
memoir. 

—___—_»g@p>o—_—_— 


REPORTS OF ENGINEERING SOCIETIES. 


OCIETY OF ENGINEERS.—The first Ordinary 
Meeting of the Society of Engineers for 
the present year was held on Monday evening 
im the Society’s Hall, Victoria Street, London. 
At the conclusion of the ordinary routine 
business, the retiring president, Mr. J. 
| Adams, presented the premiums of books 
which had been awarded for papers read 
during the past year. Mr. Adams then re- 
tired from the chair, and introduced the presi- 
dent for 1876, Mr, Vaughan Pendred, who 
proceeded to deliver his inaugural address. 
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After commenting briefly on the satisfactory read a 
| Patent 
| patented by himself three years ago. 


position of the society’s affairs, Mr. Pendred 
went on to say that he had met with no small 
difficulty in finding a subject for his address 


which had not already been ably handled by | 


his predecessors, and that the subject which 


he had finally selected was one which, ‘if it | 


presented no other merit, was at least com- 
paratively novel. They had all heard a great 
deal, no doubt, of a subject very interesting to 


biologists, namely, Man’s place in nature. He. 


hoped they weuld give him a patient hearing 
while he said as the engi- 
neer’s place in nature. r. Pendre 


nature was that of the great civilizer. He 
pointed out that nearly all the natural com- 


forts of modern life were due to the engineer, | 


and he then pointed out that the engineer had 
great privileges and grave responsibilities. 


One of the privileges was that he alone could | 


supply the soundest investments for the great 
mass of capital now lying idle to the great in- 


jury of trade in this country. He then ex-| 


— his opinion that engineers in Great 
ritain had during the last year or two mani- 
fested less energy than was desirable in sup- 
porting new engineering works, a circumstance 
originating, no doubt, in false delicacy, and 
certain to operate injuriously on the best inter- 
ests of the nation. The prévilege of the engi- 
neer was to find employment for money in de- 
veloping the revenues of his and other nations, 
and so advancing civilization. The responsi- 
bilities of the engineer were defined by the 
fact that unless he exerted himself energeti- 
cally, much suffering and disease and want of 
civilization must continue to exist. The engi- 


neer alone could improve the mutual economy | 


of the world, and if the world was to be hap- 
pier and better, the engineer, and the engineer 
alone, could produce that result. He might be 
asked what the engineer was to do, but he 
would not attempt to lay down principles of 


action which would suggest troubles to) 


thoughtful members of the profession. He 
might point out, however, that a great neces- 
sity of the day was the improvement of the 
water supply of our towns and cities, and that 
this work required the best attention of the 
profession, which would find plenty of work 
in supplying the want. The regulation of our 
rivers, so as to prevent floods in winter, and to 
secure storage of water in summer was another 
great work. But the greatest of all was the 
cleansing of the country by an efficient 
method of dealing with sewage. After alluding 
to experiences in coal-pits and the construc- 
tion of harbors of-refuge as eminently claim- 
ing the attention of engineers, Mr. Dondeed 
finished his address with a hope that when he 
resigned the chair to his successor, it might be 
found that if he had not merited the praise of 
the Society of Engineers, it would at least be 
found that he had not deserved their censure. 


oyaL Scorrisn Socrety or Arts.—A meet- 
d ing of the above Society was held lately 
in Edinburgh, Mr. John Milne, President, oc- 
cupied the chair. Dr. Walter Scott Carmichael 


per entitled ‘‘ A Description of the 
Scaahwener Steamer,” invented + 

ne 
ship consists of a nearly flat-bottomed hull, 
the sides below the water-level being nearly 
perpendicular, but several feet above the 
water-line these sides are continued with an 
inward slope, eventually becoming a roof over 
the main deck. Ata distance of seven or eight 
feet above the main deck the sloping roofs end 
in a flat horizontal, partly glazed, to allow the 
more violent waves to pass harmlessly from 


| windward to leeward. A spar deck above the 
then pro-| horizontal roof affords facility for working 
ceeded to define what an engineer was, and | 
went on to explain that the engineer’s place in | 


and steering the vessel, the moving power of 
which is intended to be one or more propellers, 
working in tubes, which runfrom stem to stern 


|of the ship. Dr. Carmichael expects that his 


breakwater steamer will advance straight- 
through the waves instead of rising over them 
and hence greater steadiness will be secured 
than in the case of ordinary ships. Mr. D. 
C. Mudie, founder, in the course of the dis- 
cussion which ensued, expressed the opinion 
that Dr. Carmichael’s steamer was, as nearly 
as possible, like the shape of Noah’s Ark, 
which for earrying power and stability was the 
best shape of vessel yet invented. he paper 
was remitted to a committee to report, Mr. T. 
B. McFadzen followed with a paper, communi- 


; cated by Mr. C. J. Henderson, on a new sys- 


tem of heating churches and other buildings. 
The system, it seems, had been applied by Mr. 
McFadzen to a church in Grahamstown. A 


/ small chamber is erected at the end of the 


church with an opening from the building it- 
self, In this chamber the stove is placed and 
the smoke pipe carried into and through a fire _ 
clay pipe, which 1s led up through the gable 
towards the roof, where the fire clay pipe 
opens into the church and the smoke pipe is 
continued to the roof. The heated air in the 
stove-room flows up the fire clay pipe to the 
ceiling of the church, a circulation being pro- 
duced by the cold air rushing from the church 
into the stove-room. It is necessary that the 
whole of this process be accomplished before 
the congregation assemble, and the heat must 
then be diverted elsewhere or the fuel in the 
stve withdrawn. On the congregation leav- 
ing, the process is re-commenced, with the dif- 
ference that fresh air from the outside is sup- 
plied to the stove, and the doors of the church 
are left open to allow the foul air in the build- 
ing toescape. Dr. Stevenson Macadam point- 
ed out that there was no provision for ventila- 
tion from the outer air during the time the 
pe: ple were in church, and that in a short time 
the vitiated air breathed by the congregation 
would be breathed over again. his view 
seemed to be concurred in by other members. 


gree ee o¥ Crv1L ENGINEERS.—The paper 

read was on the *‘ Holyhead New Harbor,” 
by Mr. H. Hayter. Between the years 1835 
and 1847 the attention of Government had 
been directed to the importance of providing 
improved harbor accommodation on the coast 
of North Wales, to facilitate communication 
with Ireland, and when the bridging Of the 
Menia Straits by the Chester and Holyhead 
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Railway Company became ho longer a matter 
of doubt, Holyhead was selected as the most 
suitable place for the packet service, as well as 
for aharbor of refuge. Of the several schemes 
poet. the plan suggested by the late Mr. 
endel, past-president Inst. C.E., was ultimate- 
ly accepted, and was sanctioned by Parliament 
on the 22nd July, 1847. It comprised a north 
breakwater, 5360 ft. in length, and an east break- 
water, about 2000 feet in lengtli (inclosing an 
area of 267 acres of available water space), and 
a packet pier, 1500 feet long, within the area. 
The east breakwater and the packet pier were 
subsequently abandoned. But it was found, 
as the works advanced, that the harbor was 
likely to — too small, even for refuge pur- 
—_ he Lords of the Admiralty therefore 
ecided to lengthen the breakwater to 7860 
feet from the shore, to shelter a roadstead of 
400 acres of deep water. The north break- 
water consisted of rubble stone with a sub- 
stantial stone superstructure. To convey the 
stone, nearly 24 miles of single line of railway 
were constructed, besides other preliminary 
works, the total cost of which had been £92,- 
The rubble mound was of great size— 


Indian iron manufacture I have, in the first 
place, to correct an error I formerly made as 
to the date and place of the Iron Laht at Del- 
hi. From all that I could then gather it seem- 
ed to belong to a period ranging from the first 
to the fourth century of the present era; but 
since that time Lieut. Cole’s magnificent work 
on ancient Delhi, of the existence of which I 
was not then aware—indeed it does not appear 
to have been published at the time my paper, 
which especially referred to the Laht, was 
written—has come under my notice. 

The iron column instead of being situated 
where I formerly stated is, I now find, in the 
axis of the colonade of the Masjid-i-Kutb-ul- 
Islam. 

M. Garcin de Tassy has translated the Per- 
sian account of the column written by Syud 
Ahmed, and has supplemented it with some 
weighty remarks, from which it appears to 
have been set up by an otherwise unknown 
king, Rajah Dhava, alias Midhava, and whilst 
it now seems that the forging was made in the 
ninth century B.c., or from 1,100 to 1,200 years 
earlier thanI had formerly stated, yet the in- 
scription upon it is of much later date, M. de 





the average depth of water at low-water spring 
tides being 40 feet, and the greatest depth 55 


| 
| 
| 


Tassy concluding the inscription to be possibly 
as late as the third or fourth century of the 


feet—the variation of the tide at ordinary | present era, and inscribed, therefore, by a king 
spring tides being 17 feet, and at equinoctial | ]ong subsequent to its originator, who, indeed, 
spring tides 20 feet. At the level of low water| we learn from Indian history, died in the 
the mound was nowhere of less-width than | course of its construction. I have also to add 
250 feet, and in 50-feet depth of water it was | that a cast of this remarkable column is now 
about 450 feet wide at the base. It contained |on view at the South Kensington Museum ; 
altogether about 7,000,900 tons of stone. The) also, that a piece of the metal has been cut 
rubble mound having been formed, and con-| from the pillar, and this piece has both been 
solidated by the action of the sea, the super-| forged and analyzed by Dr. Perey, who has 


structure of massive masonry was erected. 
This was principally of quartz rock from the 
quarries, the plinths, cornices, parapets, pav- 
ing, copings, and other ashlar work, being of 
glesea limestone. The work was set in| 
lias-lime mortar. The foundations were laid | 
at the level of low water, for which purpose 
the loose stone of the mouni had to be ex- 
cavated. The wall was built near the inner 
— of the stone deposit, to allow as lon 
a foreshore on the sea as possible, and ha 
been carried up to a height of 38 feet 9 inches 
above low water to the level of a promenade, 
which was surmounted on the sea side bya 
parapet. At 27 feet above high water there | 
was on the harbor side of the breakwater a! 
quay 40 feet wide. The head of the break- | 
water was 150 feet long and 50 feet wide, 
founded on the rubble mound at 20 feet below 
low water, and was for the most part of ashlar 
masonry. The cost of the north breakwater | 
and works connected therewith, including | 
land, had been about £1,285,00, and per | 
lineal foot about £168 10s. The cost of the | 
stone deposited in the rubble mound had been 
2s. 3d. a ton for the first portion of the break. | 
water, and 2s. 7d. a ton for the last 2500 lineal | 
feet. The cest of the superstructure alone, | 
excluding the head, had been £36 a lineal foot. | 
———+-> ——_ 


IRON AND STEEL NOTES. 


Hie AnTiqurty or IRoN aND STEEL— 
By Sr. Jonun V. Day.—With regard to 





pronounced it as soft wrought tron. 
Whilst speaking of India, I cannot, however, 
ass over that unique collection of archaic 
iron and steel tools which Col. Pearse, R. A., 
found in excavating some tumuli at Wurree 
Gaon, near Kamptee, in India, which tumuli 
are believed to date from about 1500 B. c., or 
the time of Moses; and whilst we have no 
such solid relics of the tools used by the He- 
brew race, yet we know from words in the 
Hebrew language that they were well acquaint- 
ed with iron in all its forms, and this discov- 
ery (which, if the date assigned by Col. Pearse 
be correct) shows at least that the contempo- 
rary nations were well acquainted with iron 
and steel; that their language, too, the Sans- 
krit, in its oldest forms, has corresponding 
words for iron, iron ores, &c. 
Col. Pearse has presented his “‘ find” to the 
trustees of the British Museum, and I lately 
was fortunate in receiving from Col. Pearse 
himself a full explanation of the several imple- 
ments, which include gouges, spatule, ladles, 
and a variety of other articles. 
——_ +e —____—___ 


RAILWAY NOTES. 


1¢ Locomotives AND Lone Trars.—The 
Harrisburg Patriot says : For general use 

the heavy engines constructed within the past 
few years are not considered available. Al. 
though they are much more powerful than the 
ordinary locomotive and consequently can 
pull longer trains, they are not more service- 


- 
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ble. A wreck occurred on the Philadelphia 
and Erie Railroad a few days ago from the 
fact that what should have been two trains 
was compressed into one, drawn by one of the 
large locomotives. Railroad men say that 
where long trains are hauled the momentum is 
so great that when an accident occurs to a 
front or centre car the wreck must prove a 
disastrous one, owing to the tremendous 
weight in the rear that nothing can successfully 
resist. For this reason they look upon the 
large engine as a failure—that is so far as the 
object intended is concerned, that of drawing 
sixty or seventy cars instead of an average 
train of thirty or thirty-five cars. 


gr oF Rar Jormts.—At a late meet- 
ing in the hall of the Manchester (England) 
Institutien of Civil Engineers, the following 
a was read : 
he introduction of the plain fish-plates now 
ordinarily used was a great advantage at the 
time to the railway world, mainly for prevent- 
ing accidents by keeping the rails in position 
laterally, but since speed has increased, and 
weight of engines also, the plain fish-plates 
have been found deficient in one vital respect, 
viz., that of giving the rail joint the same 
stiffness and elasticity as the solid rail, so as to 
obtain one continuous road. As the stiffness 
of the joint with plain fish-plates*principally 
depends > ag the section of the rail and the 
fishing angle, often only a third of the stiffness 


of the joint is afforded as compared with that 
of the solid rail, but even in the best cases 
hardly more than half the rail stiffness is ob- 


tained. The introduction of steel rails neces- 
sitating the abolition of notches in the rail 
flange as destructive to the strength of the 
rail, has led to the design of the French or 
German fish-plate (eclisse arret) adapted for sus- 
pended joint, but requiring base plates at the 
joint sleepers. Even with this plan the experi- 
ments show only two-thirds of the strength of 
the solid rail is obtained, and as only one fish- 
plate of this description is generally used 
there is still less stiffness. Several other plans 
exist, more or less complicated, but as none 
have yet given the same stiffnegs as the rail, 
combined with cheapness in cost and mainten- 
ance, they have not come into general use, and 
the weak joint, with ordinary plain fish-plates, 
is still generally adopted. This has given rise 
to the design of the deep fish-plate for flange 
rails, similar to what has already been adopted 
for double-headed rail sections on many 
English railways. By using one fish-plate of 
this kind on the bolt-head side of the joint a 
material improvement is obtained, inasmuch as 
such joint possesses 80 per cent. of the stiffness 
of the solid rails. As regards the use of two 
deep fish-plates the experiments are conclusive 
as to the great increase in stiffness, being even 
stiffer than the rail both as regards strength 
and elasticity. Experiments on 2-feet supports 
show a load of 35-tons with more deflection on 
the rail than on the joint, proving a slight 
superiority of the joint, even in this respect 
best shown by the fact that the bolts were not 
the least hurt after such an extremely heavy 
test. 





ENGINEERING STRUCTURES. 


iE ProposeD THAMES TUNNEL.—Mr. Bar- 
low, C. E., has had an interview with the 
Works Committee of the Limehouse District 
Board of Works with reference to the question 
of the communication between the north and 
south of the Thames, by means of a tunnel 
under the river. Mr. Barlow, in explainin 
the nature of the proposal, said the tunne 
would commence in the East India Road, and, 
by way of Robin Hood Lane, reach the river 
in the vicinity of Blackwall Stairs. The tun- 
nel would terminate on the south side of the 
Thames, below Greenwich Hospital. As to 
the gradients, they would be only at the very 
moderate rate of 1 in 40. Pans heard Mr. 
Barlow, the Committee of Works passed a 
resolution expressing their opinion that the 
proposed tunnel maces be a great benefit to the 
public, and the Board agreed to memorialize 
the Metropolitan Board of Works in support of 
the scheme. 
HE ALBERT BRIDGE, MonTREAL.—The Mon- 
treal Daily Witness gives particulars of the 
plans prepared by Mr. Legge, C. E., for the 
Royal Albert Bridge, which is to span the St. 
Lawrence at Montreal, a little lower down 
than the Victoria Bridge. It is to accommo- 
date a railway track, carriage and cart traffic, 
and a tramway line, and provision is also to be 
made for pedestrians. Its total length will be 
15,000 linear feet, or very nearly 3 miles. It 
will have one opening of between 500 and 600 
feet clear span over the navigable channel of 
the St. Lawrence, with a height of 130 feet 
above the water at high tide ; five of 300 feet 
each at the same height, four of 240 feet each, 
and 51 of 200 feet each. The estimated cost 
of the bridge is $4,000,000, and its erection, 
which will commence this spring, is expected 
to occupy three years. The Victoria Bridge, 
which has hitherto passed for being the largest 
in the world, is only 7,000 feet long, with one 
opening of 330 feet span, and 14 of 242 feet 
span. Its construction occupied six years, 
and the total cost was £1,260,000. . 
REDGING AND HARBOR WorksS—THE INstTI- 
TUTION OF CrviL ENGINEERS.—At_ the 
ordinary meeting of the session held on Feb- 
ruary 8th, Mr. Geo. Robt. Stephenson, presi- 
dent, in the chair, the paper read was on 
‘Carlingford Lough and Greenore,” by Mr. 
James Barton, O. E. It was stated that the 
mouth of Carlingford Lough was sheltered by 
a natural breakwater of rock, leaving a chan- 
nel about 700 feet wide. Across this channel 
a bar of blue clay and boulders had existed 
previously to the works described, the depth 
of water being only 74 ft. at low tide. Within 
the Lough the water was more than 18 ft. deep 
at low water over an area of 1,200 acres, af- 
fording safe anchorage. Although the cutting 
of a channel for navigation through this bar 
had been recommended by the Tidal Harbors 
Commissioners and by the Refuge Harbor 
Commissioners, it had not been carried out as 
a public work, but was undertaken locally un- 
der the Piers and Harbors Act, and was au- 
thorized by Parliament in 1864 to be executed 
by a Board of Commissioners, for which pur- 
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e asum of £80,000 was lent by the Public 

orks Loan Commissioners on the seeurity of 
expected tolls. The exposed position of this 
work was somewhat unusual for dredging. 
The number of days in the year when the 
weather permitted the dredging to proceed 
varied from a minimum of sixty-seven in the 
year 1871, to a maximum of 131 in 1873, and 
upon many of these days the work was limited 
to two or three hours. The materials raised 
per season varied from 50,000 tons to 99,720 
tons ; the clay was generally blue and plastic, 
with boulders embedded, varying in size up to 
4 tons in weight. The dredging plant had 
been specially designed, and was constructed 
by Messrs. Simons & Co., of Renfrew: it 
dredged in water 35 ft. deep, and lifted stones 
up to 30 cwt.; the larger ones were chained by 
divers and raised by acrane on the vessel’s 
bow. The average lift for all days on which 
the dredger worked, whether one hour or six- 
teen hours, had been 850 tons ; the maximum 
tonnage raised in one day was 4,000 tons. 
Some rock inside the Lough had been removed 
by first blasting on the surface with dynamite, 
and then dredging the broken-up rock. The 
channel already formed was 18 ft. at low water 
of spring tides for a width of 300 ft., and a 
further width of 50 ft. at each side had been 
cut toadepth of 14 ft. at low water. The 
channel was intended to be 600 ft. wide, and 
18 ft. deep at low water The cost of the 
works, including insurance of plant and Par- 
liamentary contests, &c.,had been approximatel 
1s. 9d. per ton. The cost of the actual wor 
for any one season varied from 1s. 4d to 1s. 6d. 
per ton. Two leading lighthouses had heen 
erected to guide ened through the channel, 
which was about three-quarters of a mile 
long. Within Ce mage Lough a point 
stretched out to the edge of deep water from 
the south side called Greenore, and here, three 
miles inside the bar, a marine station had been 
constructed and a railway to it formed from the 
Irish North-Western Railway at Dundalk, and 
another was in process of construction from 
sl This point afforded special facilities 
for a fixed hour steam service to Holyhead and 
elsewhere. The works at Greenore had been 
designed to provide for the convenient loading 
and unloading rapidly of steamers, with passen- 
gers, cattle, and goods, and to provide for the 
necessities of each kind of traffic. 

The front of the land end of the wall below 
low water was formed of concrete blocks of 
about 34 tons, set by divers, and the back face 
of the wall had been formed of concrete. in 
sacks, containing about 1 cubic yard each, put 
down soft, and built in courses; and the heart- 
ting was of concrete deposited soft. 

he foundation at the sea end {had been 
formed of concrete blocks of 100 tons each, 
built upon the beach above low water in frames, 
and lifted, carried, and lowered between two 
barges by special machinery worked by hand. 
Two of these blocks, one upon the other, 
formed a length of 10 ft. of the wall up to low 
water. Above low water the wall had been 
built of heavy rubble limestone masonry, and 
it was fendered throughout. The cost of the 
works at Greenore had been £130,000. The 





cost of the quay wall, 45 ft. high on an aver- 
» been, including extras, £27 8s. per 
lineal foot. The concrete used was one of 
Portland cement to six of sand, gravel, and 
stones. The cost of the concrete blocks of 100 
tons each, when set, exclusive of barges and 
machinery, had been 30s. per cubic yard. 
That of the concrete built in the back face of 
the wall in sacks had been 23s. per cubic yard, 
while the cost of the liquid concrete set in the 
foundatians had been 18s. per cubic yard. 


—_+a>e-—__—_ 
ORDNANCE AND NAVAL. 


er Sreamsurp GreEaT Britarn.—At a time 
when shipping legislation occupies the 
attention of many public meetings, and virtu- 
ous and indignant shipowners protest that 
their vessels are not rotten, but unfértunate, 
the following particulars of the Great Britain 
may be found suggestive. Thisfamous vessel 
was the first iron steamer built by Brunel, and 
made her first voyage from Bristol to London 
in January, 1845, an from Liverpool to 
New York in August of that year. She is 
822 ft. long, 51 ft. beam, and 32 ft. 6 in. deep, 
and has engines by Penn of 500-horse power. 
Since 1851 she has been, with the exception of 
her work during the Crimean war, a regular 
Australian grader, and has sailed over 1,000,000 
nautical miles in that service, her last voyage 
to Melbourne being accomplished in 54 days. 
The vessel was surveyed recently, was found 
to be in athoroughly sound condition, and to 
be one of the strongest vessels in the merchant 
service. And yet this vessel went on shore at 
Dundrum Bay—a spot which, we venture to 
think, would prove fatal to many of our 
modern iron-built ships. 


MEDITERRANEAN Naviges.—The military 

contributor of the Cologne Gazette observes, 
in an article on the navies of the Mediterran- 
ean, that by far the strongest naval power on 
that sea is Turkey. All the ironclads of her 
fleet are of recent construction, and most of 
them have come from the best English ship- 
builders. The armor of the Turkish iron- 
clads is from 5} in. to 8 in. thick (two of the 
casemate ships have 9 in. plates), and they are 
armed with 8-in. and 9 in. Woolwich muzzle- 
loaders and Krupp breech-loaders. Turkey 
has four ironclad frigates of 3,050 horse power 
and 64 guns, six casemate ships each of 700 
horse power and 5 guns, and three turret ships 
of 1,200 horse power and 11 guns, making in 
all fifteen irunclads with 9,250 horse power 
and 116 guns. To these should be added three 
ironclad gunboats of 240 horse power and 6 
guns on the Danube, and two ironclad gun- 
boats on the Lake of Scutari, each with 60 
horse power and 2 guns. The screw ships 
are also for the most part well built and 
equipped. They consist ef four ships of the 
line, thirteen frigates and corvettes, twenty- 
two avisos, and twenty-seven gunboats and 
coasting vessels, besides 101 transport ships, 
all large and mostly well armed. The actual 
strength of the available fleet of Russia on 
the Black Sea cannot at present be accvrately 
estimated, but the writer thinks there can be 
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doubt that it és far inferior to that of the 
Turkish fleet. Austria has four ironclad case- 
mate ships, of 3,600 horse power and 60 guns, 
and seven ironclad frigates, of 4,050 horse 

wer and 980 guns. Three of these ships, 
owever, are now og rebuilt, and most of 
the others do not fulfill the requirements of 
modern naval warfare, either as regards the 
thickness of their plates or the calibre of their 
— This remark applies even more to the 
talian ironclad ships, several of which are to 
be sold by auction this month, in order to ob- 
tain funds for constructing new ones more 
— to modern requirements.—FPall Mall 

azette, 

—_——_- -a>e ——_——_ 
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OTIONS PRATIQUE suR L’ANALYSE CIMI- | 
QUE DES SuBSTANCES SACCHARIFERES, | 


par M. A. Terriev. Paris: Dunod. For 
sale by D. Van Nostrand. Price $2.00. 

This is a separate reprint of the second part 
of a former work bearing the title of Port- 
Jeuille du Sucrier. 

The present volume centains all of the 
former that relates to analysis of the several 
products of sugar manufacture. 

A thin octavo of 120 pages, illustrated, with 
28 wood cuts. 


pea, METEOROLOGIQUE ET AGRICOLE 
Poor 1876. Paris: Gauthier Villars. 
For sale by D. Van Nostrand. Price 80 cts. 
This is a fair treatise on practical meteor- 
ology, containing complete descriptions of the 
best instruments in use. 
The information regarding magnetic phe- 
nomena is of the fullest possible kind, and in- 


cludes a magnetic chart of France. The auto- | 


matic registry of barometric variations, and of 
force and direction of the wind, are exceed- 
ingly well represented by diagrams. 


txTtH ANNUAL RePorT OF THE ACUSHNET 
Water Boarp. New Bedford: E. An- 
thony. 

This report of the Water Supply for New 
Bedford, besides the details of local interest, 
contains the tabulated results of measurement 
of the duty of the two pumping engines, ex- 
tending through the years 1874-5. The en- 

ines are a Worthington and a McAlpine. 

he summary is as fo — 
187 


Hours. Cost of Gallons 
coal. pumped. 
143, 136,371 
215,122,464 


McAlpine engine, 
Worthington “ 


McAlpine engine,....509 "2,685 113,278,900 
Worthington “ ....2,431 8,180 303,665,904 


ITE DES PARATONERRES, par A. CAL- 


LAND. Paris: Ducher & Co. For sale | 


by D. Van Nostrand. Price $3.00. 
A full-sized octavo volume, on the subject 


In the present treatise there is no attempt 
to encumber the work with useless matter; 
but the theory, construction and utility of light- 
ning rods, is fully and fairly presented. 
Some suggestions for adaptation of forms of 
red, and of their connections to the structures 
they are designed to protect, seem new and 
valuable. 

One hundred and seventy pages of text and 
70 wood cuts, are comprised im the volume. 


ie INTERNATIONAL MERCANTILE TELE- 
GRAPH CopE; compiled for the Use of 
| Bankers, Merchants, anufacturers, Con- 
tractors, Brokers, Shipowners, &c., and their 
Agents, for the economical and secret Trans- 
mission of Business Telegrams, the Ciphers 
being Words of ten Letters or under, to meet 
the Requirements of the Rules adopted at the 
| St. Petersburg International Telegraph Con- 
| ference of 1875. By the author of the ‘‘ Gen- 
| eral Telegraph Code,” the ‘‘ Cottun Telegraph 
| Code,” &c. London: Hamilton, Adams & 
Co. 1876. 'For sale by D. Van Nostrand. 
| Price $12.50. 

| No better recommendation of a book can be 
| given than that it has passed into its thirty- 
‘third edition, which is announced of the 
| ‘* Cotton Telegraph Code.” But as this code 
| was mainly limited to one particular business, 
| the author, a year or two back, submitted a 
| second code for general use. This work, how- 
ever, through some of its words having been 
made faulty by the rules of the International 
Conference, has led the author to prepare the 
above, which, as will be seen by the lengthy 
title, will meet nearly every want. Amongst 
other things, the compiler says of his work 
that it ‘*contains nearly 20,000 sentences in 
cipher, applicable to all departments of com- 
merce, and most judiciously selected; and not 
only is it the result of years of experience and 
study, but it also combines with this the 
numerous and invaluable suggestions received 
from mercantile men in all parts of the world. 
The sentences are, without exception, strictly 
of @ business character, care having been 
taken to throw out any phrases that might be 
useless; and large as the number 1s, the author 
can confidently assert, that not one of them 
can be pointed out that is superfluous in a 
work of this sort. The ciphers are all plain 
English words, of not more than ten ktters, 
chosen from a standard dictionary, and the 
greatest possible care has been taken to pre- 
vent too close a similarity; and no word, likely 
to be the name of a person, town, or ship has 
been used. Another feature of this book is, 
that a very large number of simple questions 
and answers are provided, which admit of 
endless combinations; and which are not to 
be found in any public or private code the 
author ever saw.” This is saying not a little 
| for the value of the book, but it is truly justi- 
| fied, as we have taken occasion to test. The 








of Lightning-Rods, suggest an overdoing of | saving effected by the code is from 75 to 85 
the subject; yet when it is considered that to | per cent., while a mere novice can easily learn 
pepularize the subject, the necessary prelimi- | to use the work intelligently. Lastly, we may 
naries of electrical science must be presented, | add, that words have been selected and room 
it must be acknowledged that an opportunity | left for new phrases to suit purchasers, and it 
iz offered to the writer to appear voluminous. | may be bought in sheets for interleaving or 
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extra copies of particular sections obtained, to | form the subject of Chapter X., the most im- 
prevent ene pempm of copyright, against | portant of these being sumach and catechu. 
which the author very significantly cautions| Chapter XI. contains descriptions of the 
the public. methods employed for testing and determin- 
ing the commercial value of particular sam- 
YEING AND CALICO PRINTING, INCLUDING | plesof the various dye-stuffs. In this chapter 
aN Account oF THE Most Recent Im-| will be found described some of the different 
PROVEMENTS IN THE MANUFACTURE AND UsE| forms of ‘‘ colorometers” which have been 
or ANILINE Cotors. By the late Dr. F. | devised for estimating the coloring power of 
Crace-CaLvert, F.R.S., F.C.8. Edited by | dyes. 
John Stenhouse, LL. D., F.R.S., &c., and| Theportion of the work devoted to the coal- 
Charles Edward Groves, F.C.S8. London:/|tar colors commencing with Chapter XII. 
Simpkin, Marshall & Co., 1876. For sale by| begins with an account of the various bodies 
D. Van Nostrand. Price $8.00. which have been found in coal-tar. A list of 
The subjects treated of in the volume now | thirty-eight distinct compounds is given, and 
before us possess a twofold interest—first as| many more doubtless exist. The most im- 
involving questions of pure science in the do-| portant substance produced in the dry dis- 
main of organic chemistry; and secondly, as/tillation of coal, so far as the dye manu- 
being of immense industrial importance to the | facturer is concerned, is benzene. The 
country. It does not enter into our province | conversion of this substance into aniline is 
to notice the work in its industrial aspect, but | explained, and the manufacture of magenta 
we have no hesitation in stating that author | described, the chapter concluding with an ac- 
and editors have performed their task in a|count of safranine and some other aniline 
highly creditable manner. From every point| reds. Chapter XIII. treats of aniline violets, 
of view the work will be found useful, and | and blues such as mauve, the Hofmann and 
Wwe can recommend it to the scientific chemist | methyl-aniline violets, diphenylamine, and 
as well as to dyers and calico printers Nicholson’s blues, &c. In Chapter XIV. we 
The author, who died in 1873, had been| have a description of the greens, aldehyde, 
occupied up to the time of his death in pre | iodine, and methyl-aniline and the aniline 
paring a treatise on coloring matters other than | yellows, phosphine, zinaline, &c. Chapter 
aniline. The present work has been edited| XV. treats of aniline black and brown, and 
from the author’s MSS. with the addition of the concluding chapter is devoted to the 
five ehapters, forming 4 considerable portion | phenol, cresol, and naphthalene colors, in- 
of the book, on the coal-tar colors, by the | cluding picric acid, corallin, aurin, and others. 
editors. | Not the least useful portion of the book will 





The mode of treatment pursued is nearly | be found the tables at the end, which consists, 
the same for each dye. The natural history | first of a list of the madder-coloring matters, 
and source of the material from which the| their formule, and reactions, and then a series 
color is obtained are first om. then the| of tables, which will enable the analyst to dis- 


chemical composition and mode of preparation | tinguish the different colors when fixed on 
or manufacture, and finally the method of ap- | fabrics.—Nature. 

lication to the various fabrics described. | 

he whole subject is os illustrated by | Pye Cuemistry. A GUIDE TO THE DE- 
specimens of dyed and printed fabrics pasted | TECTION OF Porsons, EXAMINATION OF 
into the book. STAINS, ETC., ETC., AS APPLIED TO CHEMICAL 

The work is appropriately prefaced by an| JuRISPRUDENCE. Translated with additions 
obituary notice of the author. The first chap-| from the French of A. NaqueEt, Professor to 
ter treats of color in general and the action of | the Faculty of Medicine of Paris. By J. P. 
different forces, chemical agents, &c., on the! BATTERSHALL, Nat. Sc. D., with a preface 
various coloring matters, by C. F. CHanpuer, Pa. D., M.D., LL. D. 

Chapters II. and III. are entirely devoted to New York: D. Van Nostranp. Price $2.00. 
madder dyes, and contain, among much valu-| The names of author and translator are a 
able chemical information, a description of | sufficient guaranty of the value of this hand- 
Prof. Stoke’s optical tests for alizarin and pur-| book. Its convenient size will recommend it 
purin. The method of dyeing in Turkey red | to students, who are generally overwhelmed 
and the action of different mordants in mad-| by the bulkiness of the volumes in general 
der and garancin printing is clearly explained, | use. The present work without covering so 
and the manufacture of artificial alizarin des-| much ground as the larger treatises, is so com- 
cribed. Chapter IV. treats of the red dye-| pactly written as to be an exceedingly valuable 
woods—logwood, sapan, Lima, peach, and| substitute for them. We append the com- 
Brazil woods; also of safflower and alkanet. | plete table of contents: 
Chapters Y. and VI. are devoted to indigo—| Introduction. Methods of Destruction of 
this portion of the subject ome, pene me in | the Organic Substances—By means of Nitric 
considerable detail. Chapter VII. contains | Acid; by means of Sulphuric Acid; by means 
accounts of cochineal, kermes, gumlac, lac|of Nitrate of Potassa; by méans of Potassa 
dye, lac lake, and murexide, while Chapter! and Nitrate of Lime; by means of Potassa 

III. treats of orchil, cudbear, and litmus. | and Nitric Acid; by means of Chlorate of 
In Chapter IX. some of the important yellow | Potassa; Chlorine; by means of Aqua Regia; 
coloring matters are treated of, such as quer- | Dialysis. Detection of poisons, the presence 
citron, fustic, Persian berries, weld, aloes, | of which is suspected—Detection of Arsenic; 
turmeric, annatto, &c.; while tannin matters |Methed used prior to Marsh’s test; Marsh’s 
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test; Raspail’s test; Reinsch’s test. Detection 
of Antimony —Flandin and Danger’s Ap- 
paratus; Naquet’s appa:atus. Detection of 
Mercury—Smithson’s pile; Flandin and Dan- 
gers apparatus—Detection of Phosphorus— 
rfila’s method; Mistcherlich’s method; Du- 
sart’s method, as modified by Blondlot; Fre- 
senius and Newbauer’s method; Detection of 
Phosphorus by means of bisulphide of carbon; 
Detection of Phosphorus Acid; Estimation of 
Phosphorus. Detection of Acids — Hydro- 
chloric Acid; Nitric Acid; Sulphurie Acid; 
Phosphoric Acid; Oxalic Acid; Acetic Acid; 
Hydrocyanic Acid. Detection of alkalies and 
alkaline earths. Detection of chlorine, bro- 
mine and iodne—Chlorine and Bleachin 
Ohlorides; Bromine; Iodine. Detection o 
Metals; Detection of alkaloids and some ill- 
defined ee substances ; Stas’s method; 
Stas’s method as modified by Otto; Stas’s 
method as modified by Uslar and Erdman; 
Rodgers and Girdwood’s method; Prollius’s 
method ; Graham and Hofman’s method ; 
Application of Dialysis in the detection of 
Alkaloids ; Identification of the Alkaloid ; 
Identification of Digitaline, Pierotoxine and 
Colchicine. Method to be employed when no 
clew to the nature of the Poison present can 
be obtained—Indicative tests; Determinative 
tests. Miscellaneous Examinations—Determi- 
nation of the nature and color of the hair and 
beard; Determination of the color of the hair | 
and beard; Determination of the nature of the 
hair; Examination of Fire-arms; The gun is 
provided with a flint-lock and was charged 
with ordinary powder; The gun is not pro- 
vided with a flint-lock; Detection of human 
remains in the ashes of a fire-place; Exami- 
nation of writings; Examination of writings, 








in cases. where a sympathetic ink has been 
used; Falsification of coins and alloys; Ex- 
amination of alimentary and pharmaceutical 
substances; Flour and Bread; Fixed Oils; a 
Olive Oil intended for table use; > Olive Oil 
intended for manufacturing purposes; ¢ Colza 
Oil; @ Hemp-seed Oil; ¢ Linseed Oil; Milk; 
Wine; Vinegar; Sulphate of Quinine; Exami- 
nation of blood stains; Examination of sper- 
matic stains, 

The following abstract from the author’s in- 
troduction, indicates some points of excellence 
characteristic of the book: 

““The detection of poisons, although per- 
haps the most important, is not the only sub- 
ject that may come within the province of the 
legal chemist; indeed, it would be somewhat 
ditficult to define, a priori, the multitude of 
questions that might arise. In addition to 
cases of supposed poison, the following re- 
searches are most often required: 

1. The examination of fire-arms. 

2. The analysis of ashes, in cases where the 
destruction of a human body is suspected. 





%. The detection of alteration of writings, 
and of falsification of coins and precious | 
alloys. | 

4. The analysis of alimentary substances. 

5. The examination of stains produced by | 
blood and by the spermatic fluid. 

Each of these researches justly demands a 
more extended consideration than the limits of | 


|be indicated. 


this work would permit. The several subjects 
will be treated as briefly as possible, and at 
the same time, so as to convey an exact idea of 
the methods employed, leaving to the expert 
the selection of the particular one adapted to 
the case under investigation. We will first 
mention the methods used in the search for 
toxical substances. The poisons employed for 
criminal purposes are sometimes met with in 
a free state, either in the stomach or intestines 
of the deceased person, or in the bottles dis- 
covered in the room of the criminal or the 
victim. Under these circumstances, it is only 
necessary to establish their identity by means 
of their chemical properties, as directed in the 
general treatises on chemistry, or by their bo- 
tanical, or zoological character, in case a 
vegetable or animal poison, such as canthar- 
ides, has been administered. Examinations of 
this class are extremely simple, the analysis of 
the substances found, confined to a few char- 
acteristic reactions, being a matter of no great 
difficulty. We will not here dwell longer 
upon this subject, inasmuch as the analytical 
methods used are identical with- those em- 
ployed in more complicated cases, with the 
sole difference that, instead of performing 
minute and laborious operations in order to 
extract the poisons from the organs in which 
they are contained, with a view of their sub- 
sequent identification, we proceed at once to 
establish their identity. The directions given 
in regard to complicated investigations apply, 
therefore, equally well to cases of a more 
simple nature. he detection of poison mixed 
with the organic substances encountered in the 
stomach, or absorbed by, and _ intimately 
united with the tissues of the various organs 
is more difficult. If, however, other informa- 
tion, than chemical can be obtained, indicat- 
ing the poison supposed to be present, and the 
presence or absence of this one poison is the 
only thing to be determined, positive methods 
exist which admit of a speedy solution of the 
question. When, on the other hand, the 
chemical expert has not the advantage of ex- 
traneous information, but is simply asked,— 
whether the case be one of poisoning ?—noth- 
ing being specified as to the nature of the 
poison used, the difficulty of his task is greatly 
increased. Up to the present time, the works 
on Toxicology have, it is true, given excellent 
special tests for the detection of particular 
poisons; but none have contained a reliable 
general method, which the chemical expert 


| could use with the certainty of omitting noth- 


ing. Impressed with this need, we proposed, 
in 1859, in an inaugural dissertation then 
presented to the Faculty of Medicine, a gen- 
eral method, which, after some slight modifi- 
cations, is now reproduced, The special 
methods which allow of the detection of 
various individual poisons will, however, first 
In cases where the poison is 
mixed with organic matter, the latter must be 
removed as the first step in the investigation, 
as otherwise the reactions characteristic of the 
poison searched for would be obscured. 
When the poison itself is an organic sub- 
stance, this separation is effected by processes 
modified according to the circumstances. If 
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the detection or isolation of a metallic poison 
is to be accomplished, the most simple method 
consists in the destruction of the organic sub- 
stances. The various methods for effecting 
this decomposition will now be described. 


——_+ae—__—__ 
MISCELLANEOUS. 


MwAy LocomorivE.— A new tramway 
locomotive is being experimented with on 
a private tramway, at the quarries of Avron- 
Neuilly, near Neuilly-sur-Marne. The motive 
ower is compressed air, mixed with steam. 
or a journey of three-eighths of a mile, with 
twenty-five passengers, a charge of 800 litres 
of compressed and heated air is found to be 
sufficient, the vehicle weighing 4,500 kilogs. 
The journey is made without noise or smoke, 
no steam is given off, and stoppage is easily 
effected. 
URIFICATION OF SMOKE.—An apparatus for 
washing smoke, and so depriving it of its 
character of a nuisance, is in operation at a 
factory at Ménilmontant, Paris. A fine shower 
of water, traveling im the direction of the 
smoke, and at five times its velocity, is pro- 
jected into the chimney, where it mixes with 
the ‘smoke, taking up the soluble gases and 
precipitating the impurities carried up with 
the smoke by the draught. The foul water is 
discharged into a cistern, where it is collected, 
and a fine black paint is got from it. 
yM™xc Inpustry 1n AvustriA.— From the 
official Austrian report on mining we 
learn that in 1874, there were 1,801 mining un- 
dertakings in activity in the Austro-Hungarian 
Empire, classified into 370 coal mines, with 
36,980 workmen ; 863 brown coal mines, with 
27,449 workmen; 243 iron mines, with 8,753 
workmen ; and 3252mineral works of miscella- 
neous character, employing 14,249 workmen. 
Austria had 227 smelting works, with 10,730 
workmen, comprising 125 blast furnaces, with 
9,055 workmen. 
A NEW composition, being a bad conductor 
of heat, is recommended by M. S. Coline, 
a French engineer, for the bearings of all 
kinds of machines, wheels and axles, as not 
requiring any lubrication. The following is 
the recipe for the composition :—Take about 
25 per cent. of abestos, and the same of plum- 
bago, and mix them very intimately and care- 
fully together ; then add sufficient liquid sili- 
cate of soda or potash to reduce the whole to a 
half dry paste? The paste must then be sub- 
mitted to the action of a hydraulic or other 
ress, till itis converted into a solid mass which 
is afterwards dried either in a furnace or by 
exposure to the air, until all moisture has dis- 
appeared. The bearings may either be turned 
out of the block or moulded from the compo- 
sition while in the moist state. When the 
bearing is finished it is steeped in hot melted 
paraffine, mineral wax, or in a solution of 
paraffine, benzole, or other mineral oil, until 
all the pores in the composition are filled up. 
HERE is at length a fair prospect that tele- 
graphic communication with the Channel 
Islands and the Isle of Man will be re-estab- 
‘lished within a very short time. The cable 





ship Caroline has shipped at Silvertown some 
twenty-five miles of new cable for the Channel 
Islands, to replace a great portion of the faulty 
cable now submerged between Dartmouth and 
Guernsey. Having completed this portion of 
her endertaking, she will proceed to the Isle of 
Man to recover a portion of the .faulty cable 
submerged there, and to lay new shore ends in 
readiness for a new deep sea section of cabie 
at present in course of manufacture. A month 
or six weeks of fine weather will probably 
suffice for the completion of the whole of these 
important operations ; and towards the middle 
or end of September we may hope to be once 
more in direct communication with the Chan- 
nel Islands and the Isle of Man. 


F THE ANNUAL REPORT OF STATISTICS OF 
LowEL ManvractTuREs, the following is 
an abstract: 

Merrimack Manufacturing Co. — Capital 
stock, $2,500,000 ; number of mills, 5 and 
print, works; spindles, 159,464; looms, 3,941; 
water wheels, 6 turbines 5 ft., 4 do. 8 ft. 6 in. 
diameter; steam power, 40 engines, 3,8Q0 horse 
power. 

Hamilton Manufacturing Co.—Capital stock, 
$1,200,000 ; number of mills, 5 and print 
works; spindles, 56,080; looms, 1,546; water 
wheels, 9 turbines; steam power, 17 engines, 
943 horse power. 

Appleton Co.— Capital stock, $600,000 ; 
number of mills, 3; spindles, 42,488; looms, 
1,202; water wheels, 5 turbines; steam power, 
2 engines, 400 horse power. 

Lowell Manufacturing Co.—Capital stock, 
$2,000,000; number of mills, 1 spinning, 2 car- 
pet, 1 fine worsted; spindles, 19,700 worsted 
and wool, 2,816 cotton; looms, 297 power car- 
pet, 75 lasting; water wheels, 2 turbines, 10 
feet diameter, 1 do. 8 feet 4 inches diameter; 
steam power, 3 engines, 825 horse power. 

Middlesex Co. — Capital stock, $750,000 ; 
number of mills, 4 and dyehouses; spindles, 
13,340; looms, 230 broad; water wheels, 1 tur- 
bine, 5 breast, 12 and 17 ft.; steam power, 1 
engine, 125 horse power. 

remont & Suffolk Mills.—Capital stock, 
$1,200,000; number of mills, 4; spindles, 93,- 
628; looms, 2,300; water’wheels,*8 turbines, 8 
feet 4inches diameter; steam power, 2 engines, 
1,000 horse power. 

Lawrence Manufacturing Co.—Capital stock, 
$1,500,000; numberof mills, 5 and dyehouses; 
spindles, 92,000; looms, 2,260; water wheels, 
11 turbines, 9 ft.; 1 do. 80 in.; 1 do. 24in.; 2 
do. 48.; 1 do. 42 in. 

Boott Cotton Mills.—Capital stock, $1,200, 
000; number of mills, 6; spindles, 112,752; 
looms, 2,552; water wheels, 6 turbines, 7 feet 
8 inches, 1 do. 6 ft. 8 inches, and 2 do. 6 feet; 
steam power, 1 engine, 44@ horse power. 

Massachusetts Cotton Mills.—Capital stock, 
$1,800,000; number of mills, 6; spindles, 101,- 
720; looms, 2,808; water wheels—diam., 3 
turbines, 10 ft.; 2 do., 9 ft.; 1 do., 6 ft.; 4 do., 
5 ft.; steam power, 1 engine, 200 horse power. 

Lowell Bleachery.—Capital stock, $300,000; 
number of mills, bleachery and dyeworks; 
water wheels, 1 turbine; steam power, 2 en- 
gines, 1,050 horse power. 





